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PREFACE. 


The  interest  aroused  by  the  introduction  of  laboratory 
science  into  secondary  schools,  a  decade  and  a  half  ago, 
brought  out  a  number  of  text-books  of  Chemistry.  Al- 
though most  of  these  books  had  directions  for  laboratory 
work  scattered  through  the  descriptive  matter,  yet  the 
laboratory  exercises  were  illustiutions  of  the  text  proper 
mther  than  working  notes  for  the  student.  A  further 
source  of  confusion  lay  in  the  fact  that  the  experiments 
capable  of  being  performed  by  the  student  were  hope- 
lessly mixed  with  those  intended  for  the  teacher. 
When  the  separate  "  laboratory  manual "  appeared  it  was 
usually  characterized  by  the  same  faults. 

Within  recent  years  many  new  text-books  of  Chem- 
istry have  been  written  for  secondary  schools,  but,  with 
a  few  exceptions,  the  new  books,  like  the  old  ones,  are 
impractical.  They  are  either  too  diffuse  in  description, 
the  laboratory  work  being  left  chiefly  to  the  invention  of 
the  teach»-:r;  or:  liifiy'^aro  merely  laboratory  manuals, 
without  enough  fte^cripliiv^  i^S,tter  to  make  them  useful 
as  text^booksr.'3V]:6rfe^v^/  the  laboratory  exercises  of 
many  modern 'bo^kS^af^'t^AoTZi/  heyond  the  capabilities  of 
the  average  stutxeiai.,"   *    *  ;   . 

There  is^  therefore,  a  demand  for  a  text-book  of 
Chemistry  containing  an  adequate  and  scientific  account 
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of  such  of  the  fundamental  facts,  laws,  and  theories  of 
the  subject  as  are  adapted  to  the  needs  of  secondary- 
schools,  and  also  specific  directions  for  the  laboratory- 
work,  —  directions  that  have  been  tested  and  found  prac- 
ticable. This  demand  it  is  the  design  of  the  present 
book  to  Deet. 

The  authors  have  had  exceptional  opportunities  to 
know  the  capacity  of  the  average  student  and  the  train- 
ing of  the  average  teacher  of  science  in  secondary- 
schools.  They  are  fully  aware  of  the  limitations  of 
these  schools  both  as  to  labomtoiy  equipment  and  as  to 
the  time  which  may  reasonably  be  expected  for  the  study 
of  Chemistry.  They  have  prepared  the  book  ^vith  these 
limitations  constantly  in  mind. 

A  connected  treatment  of  the  descriptive  matter  of 
this  work  is  attained  by  the  division  of  the  book  into 
three  parts:  (1)  the  text  proper;  (2)  the  laboratory- 
exercises  ;  (3)  the  handbook.  The  text  and  the  labora- 
tory exercises  are  bound  together ;  the  handbook  is  in 
pamphlet  form. 

The  text  proper  may  be  characterized  by  saying  that 
it  recognizes  the  fact  that  the  terms  and  the  ideas  of 
Chemistry  are  outside  qf^  tji^  qom^moin  e^pfiwuice^  and  that 
it  is  useless  to  expect  the -JftigiJ.  fc  gW&f)  tK^O^etical  con- 
ceptions before  he  has  becoHieK  acsa-iio-injetj  with  the  fun- 

*******  fc^*  * 
damental  phenomena  of  the.s<riejl(5e^**.Ttte  arrangement 

of  topics  is  such  that  the  ^s^tty  Aaj^iw'iofrthe  book  are 

■'.•••.•■?*■*****. 
mainly  descriptive ;  theoreticai^  id^M  atfe*  li6t  introduced 

until  later,  and  then  only  in  an  elementary  manner. 


PREFACE.  V 

An  illustration  of  the  aiTangeinent  is  the  case  of 
molecular  masses,  atoms,  and  atomic  masses,  which  are 
not  mentioned  at  all  until  Chapter  XVI,  after  the  ele- 
ments hydrogen,  oxygen,  chlorine,  nitrogen,  sulphur, 
and  carbon,  and  their  most  important  compounds,  have 
been  studied. 

Equations,  although  introduced  early  to  accustom  the 
pupil  to  the  fact  that  chemical  reactions  are  quantitative^ 
are  for  some  time  (up  to  page  69)  written  out  in  full 
rather  than  in  symbolic  form. 

The  idea  of  equilibrium  is  introduced  first  in  connec- 
tion with  the  study  of  diffusion ;  later  its  application  is 
extended  to  chemical  reactions. 

The  aim  has  been  to  make  the  text  modern  and 
scientific,  yet  not  too  difficult  for  secondary  students. 

The  laboratory  exercises  are  placed  together  after 
the  text.  The  directions  for  these  exercises  are  specific. 
The  quantities  of  reagents  to  be  employed  have  been 
carefully  considered.  The  apparatus  required  is  simple 
and  within  the  reach  of  every  school.  The  experiments 
are  so  arranged  that  they  may  be  used  in  schools  in 
which  only  one-hour  laboratory  periods  are  possible,  as 
well  as  in  those  able  to  give  two  or  more  hours  of  con- 
secutive time. 

The  experiments  are  mainly  qualitative,  as  experience 
has  shown  that  they  must  be,  even  with  beginning  college 
students.  Several  experiments  of  a  quantitative  nature 
have,  however,  been  introduced;  for  these  only  the 
simplest  apparatus  is  required. 
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Ill  the  earlier  experiments,  especially,  the  directions 
are  vert/  e/xpli<dt ;  the  teaclier  should,  therefore,  be  able 
Ui  iiw?  hin  lal)<)nitory  tiiue,/ro/n  the  heyinning  in  question- 
ing individual  students  and  in  dii-eeting  their  work  at 
i'XoHf,  rwiuje, 

MiK'Ji  niato.rial  designed  cluefly  for  the  teacher's  use 
h^M  \f^*M\\  put  into  tlie  handbook.  The  handbook  con- 
iMifm,  hIho,  a  list  of  experiments  to  be  performed  by  the 
Smm4'S\^;v  iKffore  tiie  class.  Tlicse  exi>eriments  are  care- 
fidlfi  planiu'd^  iiiid  tli(5  directions  for  carrying  them  out, 
^fj'^u/faU,  ICvcry  ti^u^hcu'  will  thus  have  at  his  command 
*4,  h4'jU',h  of  /l<?nionHtnitions  with  which  to  supplement  the 
Mf^/r^hffy  t'XiU't'/iHi^H  pinfonncd  by  tlic  students. 

^Im?  AUiitfftH  nn^yrsl  that  the  sevend  pirts  of  tliis 

/</  'i  i^  ifUnU'hl  m  i/o  perform  the  cx{>eriments  for 
4/A  //</./  ,h  U^  Mttmi\/iiry^  taking  notes  upon  lis  work. 
^^*-A.M  <,////  Mpt^'.  Sit  h'.  t'oiut'tiuul  weekly  by  the  te  cher. 

/  Xy  ^f  f'^  Ua-zm-^  U  hf  ff*utnrtii  the  (hMnonst ration  ex- 
y,4%uj>*/^^  1//P  «AA   ///./  ^,  M,/»  t'\iim  lakiiig  notes. 

/^y  'f  tj.  s/./v/<w«.^  ,y  hf  ftH^n/h  lopicH  for  ivcitation. 
^jiA.fA  V/j/>/  ri-^/'fJ)  *Uuff*ht\  (U)  nn  nei'ount  of  the 
^ijj//iA}^//i)f  i<f'/i>, ///;  V  /lA>//^>|,rM/M  of  the  (euchcr*s  ex- 
^^.yiu^h^^.  ^ 'f  -a  ,-^'Aj  of  /•>.,// «>./!  porllohH  of  the  text- 

(d^  i\u'  v^oy^toy^  oi  '/^'iUj)M. />.>>.,(>/>.•*  ,e^,'|i£rU<i|  from  (hose 

'i'liij  auU^/l>*    I^Jiiy^'    tb;jl    J    iU^ns  inv.    (lye  oiuOiour 

iMjrio^li*  allow^'^i  foy  Cinhht^Uyf  U^i:  l/<-'fet  r^ittullH  will  Ih> 
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obtained  if  two  of  these  periods  are  given  to  laboratory 
work,  one  to  the  teacher's  experiments,  and  two  to  reci- 
tation. Other  plans  of  work  may,  of  course,  be  better 
adapted  to  individual  teachers. 

The  authors  acknowledge  their  indebtedness  to  the 
long  list  of  persons  who  have  written  upon  elementary 
Chemistry  in  the  past,  and  without  whose  work  the 
preparation  of  a  book  like  this  would  be  almost  im- 
possible. 

They  wish,  further,  to  express  their  thanks  to  Dr, 
Alexander  Smith,  of  the  University  of  Chicago,  who 
suggested  the  apparatus  and  method  of  making  sul- 
phuric acid  (Fig.  41);  to  Dr.  Oliver  C.  Farrington,  of 
the  Field  Columbian  Museum,  Chicago,  and  to  Mr.  Ben 
Hains,  Crawfordsville,  Ind.,  for  tlie  cut  of  Marengo 
Cave  (Fig.  46) ;  to  Mr.  A.  H.  Hutchinson,  manager  of 
the  Ice  and  Refrigerating  Department  of  the  Frick 
Company,  Waynesboro,  Pa.,  for  the  cut  of  the  am- 
monia apparatus  (Fig.  34),  and  to  the  United  Gas 
Improvement  Company,  Philadelphia,  Pa.,  for  the  cut 
of  the  water-gas  apparatus  (Fig.  50). 

To  the  book  as  published  in  April,  1902,  there  are  now 
added  a  chapter  on  Organic  Compounds  and  several 
new  laboratory  exercises.  The  Qualitative  Scheme  in 
Experiment  LXXXV  is  that  of  Professor  T.  W.  Rich- 
ards (Harvard  Requirements,  page  20).  Experiment 
LXXXVl  was  suggested  by  Mr.  R.  H.  Brownlee,  of 
the  University  High  School.  J.  C.  H. 

A.  L.  S. 
Chicago,  III.,  June,  1906. 


PUBLISHER'S   NOTE. 

|<yj-'llii;rTOKH  in  (.'heiniHtry  need  not  be  told  that  it  is 
$^rK  iImj  i*M%Ui\%\  of  lectnrei's  on  this  subject  to  use  the 
^ff'fW  jiiU?r<jliangeably  with,  and  more  often  in  place  of, 
U)Mi;  <^|iiality  Hi^n.  'riiis  is  done  in  this  book.  It  makes 
U^  tf;/|iiHtion  plain,  and,  to  the  chemist,  means  more 
%XiA%i  i\iH*M  the  usual  (old)  si^n  of  c(iuality.  Its  use  is 
fully  ^ixplained  on  page  09.  Tlie  thmble  arrowj  first 
WiiA  on  i>age  203,  sliows  a  *'  revei-sible  reaction,"  which 
eatitiot  Ijc  represented  by  the  usual  equality  signs. 
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CHEMISTRY. 


INTRODUCTION. 


1.  Definition  of  Chemistry. — Chemistry  may  be 
defined  as  the  science  which  deals  with  the  different  kinds 
of  matter  and  their  transformations.  The  kinds  of  matter 
are  called  substances.  Many  substances  occur  ready- 
formed  in  the  earth ;  but  many  others  are  not  so  found, 
and  must  be  made  from  existing  bodies.  Chemistry, 
therefore,  consists  largely  of  a  description  of  the  ways  in 
which  substances  occur  in  nature,  of  the  methods  by 
which  they  may  be  produced  in  the  laboratory,  and  of 
the  properties,  or  characteristics,  by  which  they  may 
be  distinguished  from  one  another. 

Descriptive  Chemistry  alone,  however,  cannot  give  a 
connected  and  an  intelligent  view  of  the  whole  science ; 
this  can  result  only  from  a  study  both  of  the  laws  gov- 
erning chemical  phenomena,  and  of  the  most  important 
theories  that  men  have  suggested  to  explain  the  laws. 

2.  Importance  of  Chemistry.  —  The  ideas  of  modern 
Chemistry  are  of  great  importance,  both  for  their  own 
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sake,  and  because  thqy  add  so  much  to  other  depart- 
ments of  knowledge ;  no  apology  is  therefore  needed  for 
the  presence  of  Chemistry  in  a  course  of  study.  We 
may,  however,  summarize  in  brief  fonn  the  reasons  why 
every  student  in  a  secondary  school  should  master  at 
least  the  elements  of  chemical  science :  — 


1.  A  good  course  of  laboratory  work  in  Chemistry  disciplines 
the  mind,  as  few  courses  can,  in  independent  and  honest 
observation  of  phenomena. 

2.  A  knowledge  of  this  science  is  necessary  for  the  intelli- 
gent study  of  other  natural  sciences,  such  as  geology,  astronomy, 
biology,  physiology,  etc.,  which  make  special  application  of  its 
general  ideas. 

3.  Chemistry  is  intensely  practical^  for  its  facts  are  in  the 
most  common  use  in  the  arts  and  in  e very-day  life. 

As  illustrations  of  the  practical  character  of  chemical  knowl- 
edge we  may  cite  its.  application  in  medicine,  in  sanitation,  in 
domestic  science,  in  the  extraction  of  metals  from  their  ores, 
in  the  refining  of  petroleum,  and  in  the  manufacture  of  steel, 
illuminating  and  fuel  gas,  paints,  dyestuffs,  food  products,  ice, 
alcohol,  soap,  glass,  paper,  explosives,  etc. 

To  be  sure,  it  is  impossible  for  an  elementary  course  in 
Chemistry  to  give  all  the  facts  relating  to  such  topics  as  those 
suggested  above  ;  but  it  does  give  the  facts  and  the  theories 
that  are  fundamental^  and  by  means  of  which  even  more  com- 
plex phenomena  must  be  interpreted. 


3.  Halation  between  Chemistry  and  Physics 

Chemistry  and  Physics  are  closely  related  sciences,  for 
both  together  have  as  their  object  the  study  and  the 
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explanation  of  the  getieral  phenomena,  or  changes,  that 
take  place  in  the  material  universe.  They  are,  in  fact, 
two  points  of  view  from  which  natural  phenomena 
may  be  considered.  Physics  has  to  do  chiefly  with 
transformations  of  energy,  and  with  matter  only  as 
that  upon  which  energy  acts  to  produce  phenomena. 
Vhemistry^  on  the  other  hand,  is  largely  concerned  with 
the  various  forms  of  matter,  and  with  energy-changes 
only  as  they  result  in  the  formation  of  new  sub- 
stances. 

Accordingly,  phenomena  are  usually  distinguished  as 
Qiiher  physical  or  chemical  phenomena.  To  the  former 
class  belong  those  changes  in  which  the  substance,  in 
connection  with  which  the  energy  manifests  itself,  is  not 
permanently  altered,  but  regains  its  original  properties. 
A  physical  change  may,  therefore,  be  repeated  with  the 
same  substance  after  the  substance  has  resumed  its 
former  condition.  Illustrations  are:  the  magnetization 
of  a  knife-blade;  the  production  of  light  by  means  of 
white-hot  iron ;  the  melting  of  ice,  and  the  vaporization 
of  water. 

Chemical  phenomena,  on  the  other  hand,  involve  a 
permanent  alteration  of  the  properties  of  the  substances 
used.  Thus,  a  piece  of  burnt  magnesium  does  not 
assume  its  original  condition  on  cooling ;  rusted  iron  is 
no  longer  iron ;  carbonic  acid  gas  is  neither  carbon  nor 
oxygen,  although  these  two  substances  were  put  together 
to  produce  it. 

In  the  same  way  we  distuiguish  between  )^q  properties 
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of  substances,  calling  those  properties  physiiuil  which 
require  only  physical  phenomena  for  their  exhibition, 
and  those  properties  chemical  wliicli  ai-e  capable  of  being 
manifested  only  by  some  chemical  change. 


Thus  the  color,  specific  gravity,  nieltliiji:  point,  crystalline 
form,  solubility,  etc.,  of  sulphur  would  be  termed  physical 
properties  of  sulphur ;  its  power  of  burning  in  air  is,  on  the 
contrary,  a  chemical  property. 


The  description  of  a  substance  in  Chemistry  includes 
its  most  important  physical,  as  well  as  its  chemical, 
properties. 

4.  Reagents  and  Heactions.  —  Substances  which 
have  a  chemical  effect  upon  one  another  are  said  to 
ready  and  a  chemical  change  is  therefore  called  a  re- 
action.  The  substances  which  react  are  called  reayentSy 
OT  factors.  Thus,  when  copper  is  treated  with  concen- 
trated nitric  acid,  a  chemical  reaction  takes  place,  and 
the  copper  and  the  nitric  acid  are  the  reagents  (or 
factors). 

The  adjective  "  reagent "  is  often  applied  to  suli- 
stances  in  the  form  in  which  they  are  commonly  used  in 
the  laboratory.  Thus  "  reagent "  ammonia  means  an 
aqueous  solution  of  ammonia ;  ammonia  itself  is  a  gas. 
Similarly,  by  "  reagent  "  sodium  hydroxide  we  mean  the 
solution  of  solid  sodium  hydroxide  in  water,  this  being 
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the  form  in  which  sodium  hydroxide  is  most  frequently 
used  in  the  laboratory. 

5.  Elements  and  Compounds.  —  Almost  all  of  the 
substances  found  in  the  earth  may  be  shown,  by  one 
method  or  another,  to  consist  of  two  or  more  different 
kinds  of  matter,  and  are  therefore  called  compound 
substances^  or  compounds.  There  are,  however,  between 
seventy  and  eighty  substances  which  it  is  impossible  for 
us  to  decompose,  with  our  present  methods^  into  simpler 
kinds  of  matter ;  these  substances  are,  therefore,  called 
elementary  substances,  or  simply  elements. 

Less  than  half  of  the  substances  believed  to  be  elementary 
are  really  found  free  in  the  earth  and  its  atmosphere  ;  the 
others  occur  only  in  a  combined  form. 

Although  the  nmnber  of  elements  is  so  small,  the 
number  of  compounds  they  are  actually  known  to  form 
is  very  large  —  probably  not  less  than  one  hundred 
thousand.  The  number  of  compounds  theoretically  pos- 
sible, but  not  yet  known  to  exist,  is  also  very  large. 

A  list  of  the  substances  usually  considered  elementary  follows 
The  letter,  or  combination  of  letters,  given  after  the  name 
each  element  is  called  the  symbol  of  the  element.     It  is  not 
tended  that  all  these  symbols  shall  be  learned  now,  but  rati 
by  association  with  the  names  of  the  elements  as  the  latter  ar^ 
studied.    In  cases  in  which  symbols  are  formed  from  the  Latin 
(or  Greek)  names  of  the  elements  instead  of  the  English  names, 
both  names  are  given. 
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NeiNlymluin. 
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Neon. 
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Nirkel. 
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Niobium. 
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Nitrogen. 
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OHmlum. 
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Oxygen. 
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FhoHpborus. 
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PotaHslum  (Kallam). 
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SI  1  loon. 

Bl 

Silver  (Argent urn). 

Ag. 

Sodium  (Natrium). 

Na. 

Strontium. 

8r. 

Sulpliur. 

8. 

Tantalnm. 

Ta. 

Tellurium. 

Te. 

TlialUum. 

Tl. 

Tborlum. 

Th. 

Tin  (Stannum). 

8n. 

Titanium. 

Tl. 

Tungsten  (Wolframlum). 

W. 

rranlum. 

Ur. 

Vanadium. 

Vd. 

Ytterbium. 

Yb. 

Yttrium. 

Y. 

Xenon. 

Xe. 

Zinc. 

Zu. 

Zirconium 

Zr. 

Besides  the  elements  given  in  the  al)ove  list,  there  are 
several  other  substances  which  are  considered  by  some 
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chemists  to  be  elementary,  but,  the  true  nature  of  these 
substances  being  still  in  dispute,  their  names  are 
omitted  here.    See  pages  ii  and  iii  of  Appendix. 

6.  Relative  Abundance  and  Importance  of  the 
Elements.  —  The  elements  are  by  no  means  equally 
abundant ;  nor  are  they  all  of  equal  importance  for  the 
organic  forms  existing  upon  the  earth.  It  is  probable 
that  only  eleven  are  absolutely  essential  to  animal  life. 
These  are,  — 


Carbon, 
Oxygen, 
Nitrogen, 
Hydrogen, 

Sulphur, 
Calcium, 
Sodium, 
Chlorine,* 

Phosphorus, 

Potassium, 

Iron. 

:  four  more 

were 

present,  viz 

. 

Silicon, 
Aluminum, 

Magnesium, 
Fluorine, 

savage   life,  upon  an  earth  similar  to  ours,  would  be 
possible. 

With  seven  additional  elements,  viz. :  — 


Gold, 

Tin, 

Manganese, 

Silver, 

Zinc, 

Mercury, 

Platinum, 

modern  civilization  might  exist. 

The  great  inequality  in  the  distribution  of  the  ele- 
ments  is  shown,  in  a  rough  way,  by  Fig.  1.     As  there 
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in(li(;at<5(l,  silict)n  uiul  oxy«^Mi  r.'Orthfrr  nijike  up  about 
three  fourths  of  tlio  eanh's  >i»L:«i  «.  rio.:. 


Flu.  1. 


4."  jf  •m  not    I  .X 


We  shall  begin  our  study  i»f  C'lieniistry  in  Chapter  I 
with  the  eleuient  that  is  in  some  resi>eot4>  the  most 
remarkable  of  all,  —  the  element  hydn^n. 


7.  Exercises. 

('laflHify  the  following  as  either  physical  nr  chemical  phe- 
noinc^iia:  — 

Tlui  Hoiiring  of  milk,  the  burning  of  wood,  the  evaporating  of 
waior,  tho  tarniHiiiiig  of  silver,  the  dissolving  of  sugar  in  water, 
thu  bloiM^hing  of  niusliu,  the  melting  of  lead. 


CHAPTER   I. 
HYDROGEN. 

8.  Existence.  —  Hydrogen  is  a  light,  colorless  gas 
that  is  found  in  a  free  condition  only  in  compara- 
tively small  amounts  on  the  earth  —  cliiefly  in  the  air 
and  in  volcanic  gases^.  It  exists  in  great  quantities, 
however,  in  the  atmosphere  of  the  sun."  Although  rare 
in  the  uncombined  form,  hydrogen  is  a  constituent  of 
many  important  and  abundant  compounds,  such  as 
organic  substances,  water,  acids,  etc.  The  most  com- 
mon compound  of  hydrogen  is  water.  One  ninth,  by 
weight,  of  water  is  hydi-ogen,  and  the  remainder  is 
another  colorless  gas,  viz.,  oxygen. 

The  name  "  hydrogen  "  means  "  a  producer  of  water  " ; 
while  "  oxygen  "  means  "  a  producer  of  acids." 

9.  Common  Method  of  Preparation.  —  Since  water 
is  a  compound  of  hydrogen,  the  decomposition  of  water 
will,  of  course,  give  hydrogen ;  but  a  much  more  con 
venient  way  to  prepare  the  gas  is  to  decompose  certain 
acids,  Acida,  like  water,  contain  hydrogen,  and  give  it 
up  readily  when  treated  with  certain  metals  under  ap- 
propriate conditions.  The  metal  commonly  used  is 
zinc,  and  the  acid  either  hydrocliloric  or  dilute  sul- 
phuric acid, 


10  hydbohex. 

Gcneratioa  and  CoUectkn  of  HydiogBfl. 

Tlio  KiiN  U  tiHtiitlly  Iinnlui-fil  iu  a  Uvttle  or  Dask  (Fi};.  2) 
jir»vi<li^<l  willi  H  •■  tliislli- "  «r  "safpu"  tube  aud  a  delivery 
tuliti  rt'iu^liliifj  into  llu'  ivaii'f  of  a  ivatt-r  pan  (called  also  a 
"  lintmiiiatir  l.r(iii<;h "),  Tlu-  Ixxtlc  contains  zinc.  Ac^iil  ia 
Mlilitil  UiniiiKli  tin-  tliistlf  tiilif  iimil  tilt  lower  end  of  the 
UiIhUu  tu1)i:  iH  initncnti-d ;  llit.>  i>vulvi.-d  gad  i-acapts  through  the 


delivery  tube  ami  biibblM  np  throngli  the  water  in  tlie  pan. 
Here  tlie  hydrogen  may  be  collt'cttMl  in  aiipropriate  "  reoeiv 
ers"  (test  tubes,  bottles,  etc.)  liUed  with  water  and  inverted 
over  the  end  of  tlie  delivery  tube.  Or,  since  liydrc^cii  ia  niucli 
lighter  than  air,  it  may  l)e  collccteil  by  displacing  the  air  of  the 
receiver,  as  ia  shown  in  Kg.  ."}. 

N.  R,  Apimratiia  in  which  hydrogen  is  being  gener- 

aU'A  must  fi'it  I>e  brought  jnwr  a  Jlntii-- .' 

If  the  iKiLiuii  between  nieUil  mul  aeiil  ia  not  brisk,  it 
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may  be  hastened  by  adding  a  few  drops  of  copper 
sulphate  solution.  The  copper  aulphate  reacts  with  a 
portion  of  the  zinc,  precipitating  copper,  which  forma 
a  black  deposit  upon  the  zinc;  thus 
coiited,  the  latter  acts  I'cadily  upon  the 
acid.  Tlie  action  of  zinc  and  acid  re- 
sults in  a  very  considerable  evolution 
of  heat. 

Self-Reflating  Generator. 
Instewl  of  the  ordinary  generating  flask,  j  || 
a  Kipp's  or  otlier  self-regulating  apparatus  ^  " 
may  be  used  to  supply  liydnigeu.  Kipp's 
apparatus  (Fig.  4)  consists  of  tliree  globes. 
The  upper  globe  is  in  comniuuieation  with 
the  lower  globe,  and  the  middle  globe  with 
the  lower  globe,  but  the  upper  globe  and  the 
middle  globe  are  not  connected.  The 
upper  and  lower  globes  contain  dilute  aeid, 
but  the  middle  globe  ooutains  zinc.  This 
is  the  condition  of  the  apparatus  when  at  rest,  with  the  stop- 
cock closed.  When  the  stopcock  is  opened,  the  liquid  of 
the  upper  globe  falls  into  tile  lower  globe,  and  the  liquid  in 
the  lower  globe  rises  into  the  middle  globe,  thus  displacing 
the  gas  of  the  middle  globe,  and  forcing  it  out  through  the 
stopcock.  The  acid  which  enters  the  middle  globe  reacts 
with  the  zinc,  forming  more  hydrogen,  which  either  escapes 
through  the  stopcock,  or,  if  the  latter  is  closed,  forces  the  acid 
back  into  the  lower  globe  aiul  thence  into  the  upper  globe. 
The  gas  in  the  middle  globe  is  thus  ready  for  instant  use. 

10,  Purification  of  Hydrogen.  —  If  the  metal  or  the 
acid  used  in  preparing  hydragen  is  of   "  commercijil " 
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grade,  the  hydrogen  will  be  impure^  as  may  be  inferred 
from  ite  disagreeable  odor.  We  may  remove  most  of 
the  impurities  —  as  well  as  volatile  acid,  if  hydrochloric 

acid  is  used  —  by  passing  the  gas 
through  a  mixture  of  sodium  ht/- 
droxide  and  potassium  permangor 
nate  solutions.  To  dry  it  we  use 
some  dehydrating  agent,  e.  g.,  gran- 
ular calcium  cliloride. 

The  apparatus  for  preparing 
comparatively  pure  hydrogen  is 
shown  in  Fig.  5. 


The  hydrogen  is  generated  in  a  flask 
(or  Kipp's  apparatus),  and  is  passed 
tlirough  a  bottle  containing  potassium 
permanganate  dissolved  in  10%  sodium 
hydroxide  solution,  and  then  through 
a  U-tube  of  calcium  chloride.  A  sec- 
ond bottle  of  the  permanganate  solu- 
tion will  make  the  purification  more 
complete.  The  exit  tube  of  the  U- 
tube  is  drawn  out  to  a  small  opening, 
so  that  the  hydrogen  shall  issue  in  a 
steady  stream.  If  the  washing  of  the 
hydrogen  by  the  "alkaline  perman- 
ganate" solution  has  been  success- 
ful, the  gas  will  now  be  practically 
odorless. 


Fig.  4. 


The  stream  of  gas  may  he  lighted  if  the  following 
precautions  aie  observed:  — 
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In  every  case,  before  we  light  a  jet  of  hydrogen  (Uie 
same  precautions  apply  to  other  inflammalfle  gtuteH},  we 
collect  a  test  tube  full  by  displacing  the  air,  anil  tli«ii  cany 
the  test  tube  —  in  this  case,  mouth  down  —  to  a  ga»  jet 
or  other  flame  at  least 
four  feet  tLway.  The 
gas  in  the  test  tube 
is  thus  set  on  fire, 
with  explosion,  if 
there  is  stiU  much  air 
mixed  with  the  hy- 
drogen, but  quietly, 
if  the  air  originally 
in  the  apparatus 
has  been  displaced. 
We  then  cany  the 
test  tube  back  to 
the  stream  of  hy- 
drogen and  repeat  the  operation  wilti  fruMy  i^>IJi« 
test  tubes  full  of  the  gas,  until  the  liyir'^iiii  nUi-mu 
is  lighted. 

The  reason  for  all  this  precaution  in  liml  it  in  uuMf* 
to  light  a  confined  mixture  'tf  hydn>j^n  and  ait ;  nti'i  w 
can  be  sure  that  the  disphu^sment  of  llu-  uir  in  lid! 
apparatus  is  complete  only  wlien  llw:  liiiu:  ii'-'vliii  Ini  tin- 
bumiag  of  the  test  tulie  of  Uyln^i^-.n  in  ifn:>$Ui  iUmi 
that  required  for  tlie  rettim  of  tl)«;  Uxi  Uiiii:  u,  Ww 
jet  of  hydrogen. 

Tbeaelioiial    '  "***to  Dulphuri';  tvM  ijivtH, 


«h..) 


li^)»Ui»)t   hjiiny^^fti,  tk  .^ahfftance   called   ziiic  sulphate. 

THiK  rimrwirtt*  in  thfr  .v>lritK>n,  F>at  mav  I*  obtained  from 

i:t  JlK  *  ^ifi^*  ''rrv^tallirur  <K^Iid. 

tt.  Chtaaeal  Properties.  —  The  hydrogen  flame  is 
^cc^Ht  f'jXff^fim^  ^Jffit  verj-  hot,  a:*  holding  a  piece  of 
^XxtXxvnux  in  in  will  .^how.  Indeed,  there  is  enough  heat 
\fi}r0^f?ht^l  Irjy  ttk^  hurftini^  of  a  gram  of  hydrogen  in  oxy- 
^(s«^'^  ^prt  f/y  r»wft  tli^  tern|jerature  of  alx>ut  34,000  grams 
^4  w^AT  V'  C,  or  afir>iit  340  grams  from  the  freezing 

Atv  9i^}fM9aMik  Uff  makinjT  t»e  of  this  <rreat  heat  evolution  is 
th^,  ffx^h^^tff^t^ti  hlofipipe  (Fig,  0).     This  consists  of  a  small 

inner  tube  communicatrng  ynih  a 
tank  of  oxygen,  and  a  larger  outer 
tube  in  connection  with  a  tank  of 
hydrogen.  Both  gases  are  greatly 
compressed.  The  hydrogen  is 
fif>,  fi,  first  turned  on  and  lighted  ;  then 

the  oxygen  is  allowed  to  escape 
mry  nUmbj.  ThuM  a  flame  is  prwluced  which  is  so  hot  that  it 
will  uuM  platinum.  (Platinum  molts  at  about  1700°  C.)  A 
pj*?c*j  of  rpjicklirne  held  in  the  oxyhydrogen  flame  becomes 
whit*?  hot  and  give«off  much  light ;  this  is  the  so-called  caZciuwi, 
or //W;,  light.  In  the  jirodu(;tion  of  the  lime  light  for  stereopti- 
couH,  Illuminating  gas  is  g(!nerally  used  instead  of  hydrogen. 
The  ordinary  bhist-lam[)  of  la})oratories  is  similar  to  the  oxy- 
hydrogen blowpipi;,  but  the  gawes  used  are  illuminating  gas 
and  ordinary  air  ;  jih  a  rc^sult,  the  temperature  produced  is  by 
no  nnians  jis  high  as  that  of  the  oxyhydrogen  flame. 

Tho  hydrogen  llaiiio  has  only  one  zone,  or  region,  of 
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combustion.     A  vertical  section  of   it  .would   have  the 
appearance  shown  in  Fig.  7,  — 

a  is  the  central  space  of  unbnmed  hydrogen ; 

b  is  the  region  of  combustion. 

The  bearing  of  this  fact  will  be  understood 
when  we  come  to  study  more  complex  flames. 

12.  Union  of  Hydrogen  with  Oxygen.  — 

The  product  formed  when  hydrogen  bums  in  air  fio.  7. 
is  water,  as  we  may  prove  readily  by  holding 
over  the  burning  hydrogen  a  beaker  of  cold  water 
(Fig.  8).  Although  the  beaker  was  dry  on  the  outtdde 
at  the  beginning  of  the  exj>eriment,  it  will  wnm  con- 
dense drops  of  water  from  the  flame,  llie  water  may 
be  easily  collected    and  identified. 

In  burning,  hydrogen  takes  oxygen  from 

the  air ;  in  fact,  evert/  cane  of  comJmHtvm  in 

air    consists    in    the    union    of  the    tmlManet' 

burned  with  the  oxygen  of  the  air.     IIydn>geii 

does  not,  however,  *i//y/>orf  conjbiiKtion;  that 

is    to  say,  burning  woo<l,   \rA\fiM\    inijtnjn;i^ 

ting  gas,  etc.,  —  the  ordinary  corribuHlihhfM, 

—  do  not  continue  t^i  bum  wlieii  \A'Ai'Mi\  in 

an  atmospliere  ot  hydrogen. 

Fio.  8.  Hydrogen  is  really  inert  at  onJinary  U*m\' 

peratures,  and  *M'X\\e  only  when  tlu?  U;njj/<fr- 

ature   is   raised   considerably.     'V\\\%    in   nhown    hy  tlnj 

fact   that   even    hydrogen   anrl    oxygen  may  Ik?  niixe'l 

and   kept  together  for   an   indefiniU;   [H'^UhI    wiihoiit 
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evidence  of  action.  The  inertness  of  hydrogen  under 
ordinary  conditions  is  such  that  it  is  often  conven- 
ient to  experiment  with  a  sulwtance  in  an  atmosphere 
of  this  gas,  thus  excluding  the  active  oxygen  of  the  air. 

At  about  650°  C,  however,  liydrogen  and  oxygen  unite 
with  great  violence.  Although  only  a  very  small  amount 
of  the  mixture  of  the  gases  is  really  heated  to  660°  C.  by 
the  match  or  electric  spark  used  to  start  the  combustion,  yet 
the  burning  of  this  portion  causes  so  nuich  heat  to  be  given 
off  that  adjacent  portions  are  quickly  raised  to  tlie  reqidred 
temperature ;  as  a  result,  union  takes  place  very  rapidly 
through  the  whole  mixture.  The  explosion  seems  instanta- 
neous, but  is  not ;  its  rate  has  been  determined  by  photog- 
raphy to  be  a  little  less  than  two  miles  a  secoyid. 

If  the  union  of  oxygen  and  hydrogen  takes  place  at  a 
pressure  lower  than  the  ordinary  atmospheric  pressure,  the 
rate  of  the  explosion  and,  consequently,  its  violence,  is  much 
diminished. 

Hydrogen  has  the  power  of  combining  not  only  with 
free  oxygen,  but  also,  in  many  cases,  with  oxygen  tliat 
is  in  combination  with  other  elements.  Thus,  if  hydro- 
gen is  passed  over  heated  copper  oxide  and  lead  oxide, 
it  unites  with  the  oxygen  of  these  substances,  forming 
water,  and  setting  free  copper  and  lead,  respectively. 
These  are  illustrations  of  the  rethuint/,  i.  e.,  deoTidizhig^ 
power  of  hydrogen. 

13.  Occlusion  of  Hydrogen.  —  A  remarkable  prop- 
erty of  hydrogen  is  its  absorption  in  large  quantities  by 
certain   metals,   e.  g,^   platinum   and   palladium.      The 
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hydrogen  is  said  to  be  "  occluded'*  by  these  metals. 
The  phenomenon  may  be  illustrated  by  holding  a  piece 
of  platinum  sponge  in  a  jet  of  dry  hydrogen ;  so  much 
heat  is  evolved  during  the  occlusion  of  the  hydrogen 
that  the  latter  is  set  on  fire. 

The  ready  union  of  hydrogen  and  other  inflammable  gases 
with  air,  in  the  presence  of  platinum,  may  be  shown  by  directing 
the  mixture  of  cold  gases  issuing  from  a  Bunsen  burner 
against  a  piece  of  hot  platinum  foil.  The  gases  will  unite 
with  so  great  an  evolution  of  heat  that  the  platinum  will  con- 
tinue to  glow. 

Palladium  has  an  even  greater  power  of  occluding 
hydrogen  than  platinum  has.  One  volume  of  palladium 
can  absorb  about  375  volumes  of  hydrogen  at  the 
ordinary  temperature  I 

14.  Physical  Properties.  —  As  we  have  already 
learned,  hydrogen  is  a  colorless  and  odorless  gas.  It  is 
the  lightest  substance  known,  air  being  about  14.4  and 
oxygen  about  16  times  as  heavy  (^cf.  Appendix  iv). 
The  weight  of  one  liter  of  hydrogen  at  0°  C.  and  760 
mm.  pressure  is  about  .09  gram ;  there  are,  therefore,  no 
less  than  11  liters  of  the  gas  to  the  gram. 

Hydrogen  is  the  standard  of  density  in  the  case  of 
gases  ;  its  relative  density  is  1. 

The  rate  at  which  hydrogen  diffuses^  i.e.,  mixes  with 
other  gases,  is  four  times  that  of  oxygen.  A  special 
form  of  diffusion,  viz.,  transpiration^  may  be  illustrated 
as  follows :  — 
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Fig.  9. 


A  porous  cup  (Fig.  U)  is  attai^hed  securely  to  a 
glass  tube  ending  under  water.  If,  now,  a  !)ell-jar  or 
a  large  bottle  filled  witli  hydrogen  is  placed  over, 
and  enclosing,  the  porous  cup,  bubbles  of  gas  will  be 
seen  escaping  from  the  lower  end  of  the  tube. 

The  explanation  of  the  ])hen()nienon  is  that 
the  two  gaseous  media,  air  and  hydrogen,  sepa- 
rated by  the  porous  ])artition,  tend  to  form  a 
homogeneous  mixture.  But  the  rate  at  which 
the  hydrogen  passes  tlirough  the  partition  is  so  much 
greater  than  that  of  the  air,  that  an  increase  of  volume, 
and,  therefore,  of  pressure,  occurs  ^vithin  the  porous 
cup.  Consequently  some  of  the  gaseous  mix- 
ture escapes.  When  the  bell-jar  is  removed, 
the  reverse  diffusion  takes  place. 

A  somewhat  simpler  form  of  apj^ratus  is  shown 
in  Fig.  10.  A  wide  glass  tube  has  one  end  cov- 
ered with  a  cap  of  jdaster  of  Paris.  If  the  tube 
is  filled  with  hydrogen  by  displacing  the  air,  and  the 
open  end  is  placed  at  once  under  water,  water  will 
rise  in  the  tube. 


Fig.  10. 


Hydrogen  is  not  very  soluble  in  water;  at  14*^0. 
100  c.c.  of  Avater  absorb  only  1.9  c.c.  of  the  gas. 

At  the  ordinary  temperature,  hydrogen  cannot  be 
liquefied  by  any  pressure,  however  great ;  but  by  intense 
cold,  in  addition  to  great  pressure,  the  gas  has  been  con- 
densed to  the  liquid  and  solid  state.  Liquid  hydrogen 
is  a  colorless  substance  less  than  one  tentli  as  heavy  as 
water.  It  boils  at  about  — 240°  C,  at  the  ordinary 
pressure. 
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Hydrogen  is  a  better  conductor  of  heat  and  of  elec- 
tricity than  any  other  gas. 

15.  Other  Methods  of  Preparation.  —  The  action  of 
metals  upon  acids  is  only  one  of  many  methods  by  which 
hydrogen  may  be  prepared ;  other  general  methods  are 
the  following :  — 

{a)  The  decomposition  of  water  by  the  electric  current. 
This  operation  is  called  the  "  electrolysis  "  of  water ;  it  takes 
place  only  when  the  water  contains  small  quantities  of 
certain  substances  called  <<  electrolytes."  The  electrolyte 
commonly  used  is  dilute  sulphuric  acid. 

(b)  The  action  of  certain  substances  —  chiefly  metals  — 
upon  water.  Some  metals,  e.  g.^  sodium  and  potassium,  act 
violently  even  upon  cold  Avater;  others,  like  magnesium, 
zinc,  and  iron,  decompose  only  hot  Avater,  or  steam. 

(c)  The  action  of  metals  upon  basic  hydroxides,  e,g,^ 
aluminum  filings  upon  sodium  hydroxide  solution. 

16.  Quantitative  Character  of  Chemical  Changes. 

—  When  hydrogen  unites  with  oxygen  to  form  water,  the 
relation  between  the  masses  of  the  elements  entering  into 
combination  is  a  definite  and  constant  one. 

Eight  parts,  by  weight,  of  oxygen  combine  with  one  part- of 
hydrogen. 

The  relation  between  the  mass  of  hydrogen  burned 
and  that  of  the  water  formed  is  also  constant ;  one  part 
of  hydrogen  always  forms  by  its  combustion  nine  parts 
of  water. 
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Conversely,  m/J6  parts  by  weight  of  water  give,  when  decom- 
posed, eight  parts  of  oxygen  and  one  part  of  hydrogen. 

Similarly,  an  exact  relation  exists  l>etween  tlie  masses 
of  zinc  and  sulphuric  acid  which  react  with  each  other, 
and  between  each  of  these  and  the  masses  of  hydro- 
gen and  of  zinc  sulpliate  formed.  Tliis  relation  is  as 
follows :  — 

Sixty-five  parts  by  weight  (grains,  pounds,  etc.)  of  zinc  and 
98  parts  of  sulphuric  acid  (diluted  with  water)  give  161  parts 
of  zinc  sulphate  and  two  parts  of  hydrogen. 

It  may  be  proved  by  the  most  careful  weigliing  that 
when  zinc  reacts  with  sulphuric  acid  there  is  no  gain  or 
loss  of  matter^  but  only  the  liberation  of  2  grams  of 
hydrogen  by  every  65  of  zinc.  If  the  quantities  of  zinc 
and  sulphuric  acid  taken  are  in  exactly  the  correct 
proportion,  and  the  resulting  solution  is  evaporated, 
neither  zinc  nor  sulphuric  acid  will  remain;  and  the 
zinc  sulphate  obtained  will  contain  all  the  matter  of  the 
zinc  and  of  the  acid  used  except  the  hydrogen,  which 
escaped  from  the  solution. 

17.  Calculation  of  Quantities  of  Factors  and  Prod- 
ucts. —  Since  the  reaction  betAveen  zinc  and  sulphuric 
acid  takes  place  in  definite  proportions  by  weight,  it  is 
always  possible  for  us  to  calculate  how  much  acid  will 
be  required  to  react  exactly  with  a  given  mass  of  zinc, 
and  how  much  hydrogen  and  zinc  sulphate  will  be 
formed. 
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Suppose,  for  example,  that  we  wish  to  know  Jww  much 
sulphuric  acid  is  needed  to  react  exactly  with  Jfi  grams  of 
zinc. 

Since  65  grams  of  zinc  require  98  grams  of  sulphuric  acid 
for  complete  action,  40  grams  of  zinc  will  require  a  propor- 
tional amount  of  the  acid.  The  amount  needed  may,  therefore, 
be  determined  by  solving  the  proportion ,  — 

65  :  40  ;  :  98  :  a?  ^"^ 

whence  a;  =  60.3  grams. 

This  is,  of  course,  the  least  quantity  of  sulphuric  acid 
that  will  use  up  all  of  the  zinc.  If  a  larger  amount  is 
used,  the  excess  will  simply  remain  in  the  solution. 

If  we  wish  to  find  the  amount  of  zinc  needed  to  pro- 
duce 5  grams  of  hydrogen,  we  may  do  so  by  solving  for 
X  in  the  proportion,  — r 

05  :  aj  :  :  2  : 5 
whence  x  =  162.5  grams. 

To  find  the  volume  at  0"^  C.  and  760  mm.  pressure  of 
the  5  grams  of  hydrogen  produced,  we  divide  the  number 
of  grams  of  hydrogen  by  the  weight,  in  grams,  of  one 
liter  of  hydrogen  at  0°  C.  and  700  nnu.  pressure;  i.  ^.,  by 
0.09. 

The  volume  of  the  5  grams  of  hydrogen  is  thus, — 

55.5  +  (  =  -^.77  )  liters. 

If  we  reverse  the  conditions  of  the  problem,  and  ask 
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how  much  zinc  ia  required  to  produce  by  its  action 
with  sulphuric  acid  40  litei-s  of  hydrogen  at  0°  C.  and 
700  mm.  pressure,  we  must  lii-st  find  the  weight  of  tlie 
40  litei's  of  hydrogen  at  0°  (■.  and  7G0  nun.  pressure, 
and  then  cak'uhite  the  weight  of  zinc  necessary. 

The  W('i<j:lit  of  40  liters  of  hydroj^en  iindtT  the  given  con- 
ditions is  .'{.()  (=  40  X  O.OD)  jijraniH  ;  the  weiji^ht  of  zinc  needed 
is  then  calculated  from  the  proixjrtion, — 

(55  :  a;  :  :  2  :  ;^.G. 

When  zinc  reacts  with  liydr(K*hh)ric  acid  the  products 
are  zinc  chloride  and  hj/ilroycn.  The  rehitive  quantities 
are  as  follows:  — 

05  grams  of  zinc  and  73  grams  of  liydrochloric  acid 
give  130  grams  of  zinc  chh)ri(le  and  2  grams  of  hydro- 
gen. 

1 8.  Exercises. 

1.  Leani  or  review  the  metric  tabh'S  of  weif]:ht,  of  length, 
and  of  vohime. 

2.  How  many  eubi(j  centimeters  in  1  liter?  In  1  c.  dm.? 
Wliat  is  the  relation  between  g.,  m<j:.,  d<j:.,  eg.,  kg.?  "^Vhat  is 
the  weight  of  100  c.c.  water?  State  the  rehition  between 
1  mm.,  1  cm.,  Im.,  and  1  (hn. 

3.  How  many  grams  of  hydrogen  can  be  stored  in  a  36- 
liter  gasonu^ter  under  conditions  at  which  1  Uter  of  hydrogen 
weighs  .09  grams? 

4.  What  properties  of  hydrogen  make  it  ust>ful  as  the  in- 
flating gas  of  balloons  ?  AVhat  properties  make  it  disadvan- 
tageous ? 

5.  How    many   grams   hydrogen   can    be   obtained    by   tlie 


EXERCISES.  23 

action   of  20  grams   zinc  upon  an  excess  of  dilute  sulphuric 
acdd  ?     Upon  an  excess  of  hydrochloric  acid  ? 

6.  What  is  the  volume  in  cubic  centimeters  of  30  grams 
water?  Of  30  grams  platinum  of  S.G.  21.5?  Of  30  grams 
ether  of  S.G.  0.72? 
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quantity  of  material  taken  and  that  of  each  of  the  prod- 
ucts formed  is  definite  and  constant. 

Thus,  122.5  J2:rain8  of  potassiiun  chlorate  give  48  grams  of 
oxyj^eii  and  74.5  grains  potassium  chloride. 

The  ease  with  wliich  poUissium  chlonite  decomposes 
in  the  presence  of  manganese  dioxide  was  unexplained 
for  a  long  time  ;  hut  it  is  prokihly  due  to  the  fact  that 
the  two  suhstiinces  react  to  fonn  intermediate  com- 
pounds, which  are  decomposed  again.  The  heating  of 
a  mixture  of  manganese  dioxide  and  potassium  chlorate 
to  about  200°  to  250°  C.  thus  results  in  the  decompo- 
sition of  the  potassmm  chlorate^  while  it  leaves  the  man- 
ganese dioxide  unchanged. 

21.  Other  Methods  of  Preparing  Oxygen.  —  Three 

other  methods  of  preparing  oxygen  will  be  described 
briefly;  these  are, — 

(1)  Decomposition  of  mercuric  oxide. 

(2)  Decomposition  of  barium  peroxide. 

(3)  Decomposition  of  manganese  dioxide. 

The  first  method  is  the  historic  one  of  Priestley,  who 
discovered  oxygen  in  1774,  and  of  Scheele  (pronounced 
Simla),  Avho  discovered  it  independently  in  1775. 

When  mercury  is  heated  in  air  to  a  temperature  a 
little  beloAV  the  boiling  point  of  the  mercury  (mercury 
boils  at  357°  C),  it  unites  with  a  definite  weight  of 
oxygen  to  form  mercuric  oxide,  or  red  oxide  of  mercury. 
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25  parts  by  weight  of  mercury  and  2  parts  of  oxygen  give  27 
parts  of  mercuric  oxide. 

Mercuric  oxide  is  a  stable  compound  at  ordinary  tem- 
eratures  ;  but  when  it  is  heated  to  a  temperature  a  little 
higher  than  that  at  which  it  was  formed,  it  is  decomposed 
again  into  mercury  and  oxygen.     ^ 

27  grams  of  mercuric  oxide  always  yield  25 grams  of  mercury 
and  2  grams  of  oxygen. 

Barium  peroxide,  the  second  substance  named  above  as  a 
source  of  oxygen,  is  a  white  solid  which  gives  up  half  of  its 
oxygen  when  heated  ;  the  other  half  remains  in  combination 
with  the  barium  in  the  compound  barium  monoxide.  Under 
appropriate  conditions  barium  monoxide  takes  up  from  the  air 
as  much  oxygen  as  it  already  holds,  and  thus  forms  the  per- 
oxide. Apparatus  has  been  devised  in  which  these  changes 
take  place  alternately,  and  large  quantities  of  oxygen  are  thus 
produced  for  sale. 

169  grams  of  barium  peroxide  give  153  grams  of  barium 
monoxide  and  16  grams  of  oxygen. 

It  is  evident  that  the  oxygen  formed  in  both  the  first  and 
the  second  methods  is  taken  from  the  air. 

Manganese  ^oxide,  the  third  substance  named  above,  is 
called,  also,  "  blach  oxide  of  manganese.''^  It  is  found  in  nature 
as  the  mineral  pyrolusite.  Manganese  dioxide  decomposes  at 
about  600°  C,  giving  off  a  third  of  its  oxygen. 

261  grams  of  manganese  dioxide  give  229  grams  of  manga- 
nous-manganic  oxide  and  32  grams  of  oxygen. 

22.  Physical  Properties  of  Oxygen.  —  In  whatever 
way  it  is  prepared,  oxygen  is  colorless,  odorless,  and 
tasteless,  if  pure.     It  is  somewhat  heavier  than  air,  and 
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sixteen  times  as  heavy  as  hydrogen.  One  liter  of  oxygen 
at  0°  C.  and  7G0  nun.  pressure,  weighs  1.43  grams. 

Gaseous  oxygen  may  be  condensed  at  — 118°  C.  and 
50  atmospheres  (=  50  X  700  mm.)  pressure,  to  a  bright 
blue  liquid. 

Oxygen  is  more  than  twice  as  soluble  in  water  as 
hydrogen ;  100  c.c.  of  water  dissolve  about  4  c.c,  oxygen 
under  ordinary  conditions. 

Oxygen  is  the  most  abundant  element,  composing  about  half 
of  tlie  earth's  solid  crust,  eight-ninths  of  the  water,  and  23% 
by  weight  of  the  atmo8i)liere.  It  is  an  essential  constituent  of 
all  living  things. 

23.  Chemical  Properties.  —  The  chief  chemical  prop- 
erty of  oxygen  is  its  energetic  support  of  combustion ; 
for  substances  that  burn  in  air  burn  mucli  more  rapidly 
in  oxygen.  Thus,  a  pine  splinter  which  is  merely  glow- 
ing in  tlie  air  will  bui'st  into  flame  if  put  into  oxygen. 
Combustion  in  air  is  more  slow  than  in  oxygen,  because 
the  oxygen  of  the  air  is  diluted  with  almost  four  times 
its  volume  (=  more  than  tliree  times  its  weight)  of 
inert  gases  which  do  not  support  ordinary  burning 
at  all. 

Examples  of  substances  which  burn  readily  in  oxygen 
are:  Iron,  whicli  burns  with  scintillation^  forming  the 
magnetic  oxide  of  iron;  magnesium,  phosphorus,  and 
sulphur,  wliich  burn  with  intensely  brilliant  flames  ;  and 
charcoal,  which  bums  with  a  yloWj  as  in  air,  but  much 
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more  brightly.     These  substances  unite  with  oxygen  in 
the  following  proportions  :  — 

21  grains  of  iron  and  8  grams  of  oxygen  give  29  grams  of 
magnetic  iron  oxide. 

3  grams  of  magnesium  and  2  grams  of  oxygen  give  5  grams 
of  magnesium  oxide. 

5l  grams  of  phosphorus  and  40  grams  of  oxygen  give  71 
grams  of  phosphorus  pentoxide. 

1  gram  of  sulphur  and  1  gram  of  oxygen  give  2  grams  of 
sulphur  dioxide. 

.*{  grams  of  carbon  (charcoal)  and  8  grams  of  oxygen  give  11 
grams  of  carbon  dioxide. 

The  magnetic  oxide  of  iron  is  a  black  solid ;  magne- 
sium oxide  and  phosphorus  pentoxide  are  wliite  scjlids 
—  the  latter  is  veiy  soluble  in  water;  sulphur  dioxide 
and  carbon  dioxide  are  colorless  gases.  Sulphur  dioxide 
has  the  characteristic  odor  of  burning  sulphur. 

24.  Oxides.  —  Because  of  the  readiness  with  wliich 
oxygen  unites  mth  other  elements,  the  most  common 
compounds  in  which  elementary  bodies  are  found  are 
oxides.  Fluorine  and  the  argon  family  alone,  of  all  the 
elements,  form  no  oxygen  compounds  so  far  as  known. 

Many  oxides  may  be  made  directly  from  the  elements,  e.  (/., 
water,  and  copper  oxide  ;  but  many  must  be  made  indirectly^ 
e,  g,,  platinum  oxide.  To  obtain  the  latter  substance  tlie  metal 
platinum  must  first  be  converted  into  other  compounds,  and 
these  into  the  oxide.  Nitrogen,  too,  although  incombustible  in 
the  ordinary  sense,  yet  forms,  by  indirect  methods,  five  dif- 
ferent oxides. 
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25.  Oxidatioii  and  Reduction.  —  To  the  union  of 
oxygen  with  other  sulistaiiees  we  ^ve  the  name  Qxida- 
tion,  and  to  a  suhstanc-e  which  gives  up  some  of  its 
oxygen  to  another  ImhIv  the  name  oxidizing  agent.  Of 
course  the  oxidizing  agent  is  itself  reduced^  L  e.,  loses 
oxvijren,  when  it  t»xidizes  another  sulistanee  — there  can 
Ije  n<»  ttj-ihitlnn  without  a  eom.*sjM»ntling  reduction.  The 
sul«tanfes  mentioned  in  this  chapter  iUi  sources  of  oxy- 
gen aiv  all  fjidizln'j  'i*j*ntx :  carli»m  and  hydrogen  (</. 
^\'l)  are  Common  examples  of  reducing  agents. 

26.  Deflagration.  —  When  a  solid  or  liquid  combus- 
tible sul ►stance  is  mixed  with  a  solid  or  liquid  oxidizing 
agent,  and  the  temperatuiv  is  raised  sufficiently,  the 
condnistion  does  not  pri>ceetl  from  one  \vxtX.  of  the  com- 
bustil»le  to  another,  as  is  the  case  when  the  combustible 
burns  in  air:  iwx  the  contrary-,  union  takes  place  almost 
instantaneously  through  the  wh'>le  mixture,  just  as  it 
d«.»es  thn)Ugh  a  mixtuiv  of  gaseous  hydn^gen  and  oxy- 
gen. This  rapid  unii»n  of  combustible  and  oxidizing 
agent  is  called  deflagration. 

A  corninoii  i-iise  of  dt-flairration  is  tluit  of  i;uni>owder,  which 
is  a  niixLiin-  of  charcoal  ami  sulphur  (rtMhuiiiir  agents)  with 
potassium  nitrate,  or  potassium  chlorat»'  ^oxidizini^  agents). 
Whi-ri  iLTTiir*.'*!  in  air.  tjrunpowiUT  tlifitnjrnks,  in  an  enclosed 
?ipa<-»r  th*^  same  ai.-tion  takes  place,  hut  the  iii^seous  prtnlucts  of 
th»=-  <:onihusri«>n  an-  held  for  an  instant  un<ler  .nxreat  pressure. 
"WTien  this  pressure  is  released,  the  expaiulinir  ^ases  are 
capable  of  hurlinj  a  projectile,  or  of  tearing  apart  masses  of 
rock. 
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27.  Combustion.  —  When  a  substance  unites  directly 
with  gaseous  oxygen  we  speak  of  the  oxidation  as  a 
case  of  burning^  or  combustion.  Of  tliis  we  generally 
distinguish  two  kinds,  (1)  ordinary  and  (2)  slow  com- 
bustion. 

In  ordinary  combustion,  heat  is  produced  by  the  union 
of  combustible  Avith  oxygen  much  more  rapidly  than  it 
can  be  dispei-sed  by  conduction,  radiation,  etc. ;  conse- 
quently the  temperature  of  the  burning  body  rises  far 
above  that  of  the  suiTOunding  medium.  Usually  a  part 
of  the  combustible,  or  of  the  prcxlucts  of  combustion, 
becomes  incandescent ;  and  some  of  the  energy  liberated 
appears  in  the  fonn  of  light. 

28.  Slow  Combustion.  —  A  sloio  combustion  occurs 
when  oxidation  takes  place  through  a  long  period  of 
time,  and,  therefore,  ^vithout  a  decided  rise  of  temjjer- 
ature.  This  can  occur  only  when  the  heat  is  dispersed 
as  rapidly  as  it  is  evolved. 

Decay ^  e.g.,  of  wood,  is  a  form  of  slow  combustion  ;  so  is 
the  rusting  of  iron. 

The  temperature  of  the  bodies  of  animals  is  kept  up  by  the 
slow  oxidations  takini^  phice  within  them. 

Although  there  is  a  great  difference  in  temperature 
betweefi  a  body  oxidizing  slowly  and  one  burning  in  the 
ordinary  way,  yet  the  amount  of  energy  actually 
evolved  by  the  oxidation  of  a  given  weight  of  a  sub 
stance  is  the  same  in  the  one  case  as  in  the  other. 


32  OXYGEN. 

Thus,  a  piece  of  magueHiu in  oxidizes  slowly  in  moist  air,  at 
the  ordinary  temperature,  to  form  a  white  powder  containing 
magnesium  oxide  and  water  ;  but  we  have  every  reason  to 
believe  that  tlie  quantity  of  energy  set  free  during  this  slow 
formation  of  magnesium  oxide  is  just  as  great  as  that  evolved 
when  an  equal  mass  of  the  metal  magnesium  burns  brightly 
in  the  air.  That  there  is  no  perceptible  heat  and  light  in  the 
former  case  is  due  to  the  fact  that  the  evolution  of  heat  is 
equaled  by  its  dispersion. 

29.  Spontaneous  Combustion.  —  When  the    evolvr 

Hon  of  heat  is  only  a  little  in  excess  of  its  dispersion^ 
tlie  combustion  is  apparently  a  slow  one ;  after  a  while, 
however,  enough  heat  accumulates  to  set  the  body  on 
fire.  Slow  oxidation  explains  so-called  "  spontaneous  " 
combustions,  by  which  heaps  of  oily  mgs,  etc.,  ignite 
without  apparent  cause. 

Spontaneous  combustion  may  be  illustrated  by  means  of  a 
solution  of  phosphorus  (only  a  small  amount  must,  be  used) 
in  carbon  disulphide.  If  this  solution  is  poured  upon  a  filter 
paper  supported  on  a  ring  stand,  the  phosphorus  will  soon  take 
lire  ''spontaneously."  The  explanation  of  the  phenomenon 
is  that  the  evaporation  of  the  carbon  disulphide  leaves  the 
phosphorus  in  the  pores  of  the  paper,  where  it  oxidizes  ;  and 
the  heat  generated,  being  prevented  from  escaping  by  the  non- 
conducting filter  paper,  soon  raises  the  temperature  of  some 
part  of  the  paper  to  the  ignition  temperature  of  the  phos- 
phorus. 

30.  Ignition  Temperature. — In  all  ordinary  com- 
bustion there  is  a  definite  temperature,  called  the 
ignition  temperature^    or   the   kindling   temperature^    to 
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which  the  combustible  substance  must  be  heated  in 
order  that  it  may  begin  to  unite  with  the  gas  supporting 
the  combustion.  The  burning  substance  must  not  only 
be  heated  up  to  the  kindlirlg  temperature,  but  it  must 
be  kept  at  least  as  high  as  this  temperature,  or  combus- 
tion will  cease. 

The  ignition  temperature  is  different  for  different  sub- 
stances. Thus,  ordinary  phosphorus  bursts  into  flame,  in 
air,  at  about  40°  C.  ;  while  for  sulphur  the  kindling  tempera- 
ture is  about  260°  C.  In  some  cases  the  temperature  of 
ignition  is  far  below  the  ordinary  temperature. 

The  heat  evolved  by  the  burning  of  one  part  of  a 
substance  serves  to  mise  otlier  parts  to  the  ignition 
point;  illustrations  of  this  are  found  in  the  burning  of 
wood,  paper,  etc.  In  the  ordinary  match  the  ignition 
temperature  of  the  mateiial  composing  the  head  is 
reached  by  friction;  and  the  heat  generated  by  the 
combustion  of  the  head  serves  to  raise  the  wood  of  the 
match  to  its  ignition  temperature. 

31.  Combustion  in  Air;  Drafts.  —  The  heat  given 
off  in  combustion  is  taken  up,  not  only  by  new  portions 
of  the  burning  body,  but  also  by  fresh  portions  of  the 
surrounding  gaseous  medium;  if,  therefore,  the  latter 
is  diluted,  some  of  the  heat  available  will  be  used  in 
raising  the  temperature  of  the  diluting  gas,  as  well  as 
that  of  the  gas  taking  part  in  the  combustion.  Hence, 
in  the  air,  which  is  a  mixture  of  oxygen  and  nitrogen 
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(oliiefly),  eoinhuslion  is  iiiucli  slower  than  in  pure  oxy- 
gen, sinuti  till}  iiitrngiMi,  although  it  t4tke8  no  part  in  the 
coiiibiistion,  yet  takes  up  niueli  of  the  lieat  evolved  hy 
the  conibiislion. 

Moreover,  when  the;  jtroflmiH  of  the  eonibuHtion  are 
gaseous,  lliey  dilute  the  oxygeu  still  fuither.  Thus, 
when  ehareoal  burns  in  an  eneloseil  portion  of  air,  com- 
bustion eeases  h>ng  lK?f(n'e  all  the  oxygen  is  exliansted, 
for  the  reason  that  the  earl>on  dioxide  gas  which  is 
formed  dilutes  the  oxv<ifen. 

If  tile  j)r(»(lu('ts  (»r  tile  (MHnbustion  an»  roinovod  as  rapidly 
as  forine<l,  tho  cMnnbustion  will  Ix'  nnicli  more  nearly  coni- 
ploto.  Thus,  wlicn  phosphorus  hums  iu  an  enclosed  portion 
of  air  over  water,  the  j)ro<luct  of  the  eonihustion  — phosphorus 
peut<>xi(l(^  —  dissolves  in  the  water,  and  does  not  dilute  the 
oxy«^('n  ;  as  a  ri'sult  the  oxy«^en  is  practically  all  taken  up 
hv  the  j)hosi)horu».  For  the  same  rcjison  th(^  combustion  of 
charcoal  in  an  ejicloscd  portion  of  air  may  be  made  much 
more  nearly  complete  if  carried  out  over  Hodiuni  hydroxide 
solution'. 

The  removal  of  the  products  of  combustion  from  the 
"  s[)here  of  action  "  is  ac'Com])lishe(l  in  ordinarj''  burning 
l)y  means  of  drafts,  whi('h  also  brin^  fresh  supplies  of 
air.  A  7)io(Jerate  draft  is  thus  l)enetieial  to  combustion. 
The  air  current  may,  however,  have  such  a  velocity  that 
the  heat  evolved  in  the  comlmstion  is  not  sufficient  to 
raise  the  temperature  of  the  air*  sup])lied  and  of  fresli 
portions  c)f  the  burning  body  to  tlie  kindling  tempera- 


tare.     Hence   combustion  ceases,     A  Same  may   thus 
be  "  blown  out "  by  a  strong  current  of  air. 

32.  The  Safety  Lamp.  —  Tlie  lowering  of  the  t€in- 
pei-atuifl  of  a  flauie  below  the  kindUng  temperature  is 
admirably  illustrated  in  the  safety 
lamp  devised  by  Sir  Humphry  Davy. 
The  lamp  consists  of  an  ordinary 
lantern  entirely  surrounded  by  wire 
gauze.  When  such  a  lamp  (Eig-12) 
is  carried  into  an  explosive  mixture 
of  gases,  e.g.,  hydrogen  and  air,  the 
gases  diffuse  through  the  wire  gauze 
and  bum  inside  tlie  lamp ;  but  the 
heat  generated  is  conducted  away 
by  the  wire  gauze  instead  of  being 
communicated  to  the  explosive  mix- 
ture outside ;  hence  an  explosion 
of  the  gases  outside  of  the  lamp  is  . 
avoided. 

Safety  lamps  are  used  t«  prevent  the 
explosion  of  the  "  flre-damp,"-^a  mix- 
ture of  marsh  gas  and  air, — which  ofteu 


33.  Flames. — AJlame  is  a  gas  in  combustion.  To 
burn  with  a  flame,  a  substance  m.ust  either  be  gaseous 
itself,  or  it  must  evolve  gaseous  products.  Such  sub- 
stances as  magnesium,  sulphur,  phosphorus,  and  wax 
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burn  with  flame  litMaiist;  iliev  iiitj  first  converted  into 
tli(j  <cas(M)us  fdi'in;  \V(><hI  and  soft  coal,  because  they 
evolve  (.-onibustihle  ^«istM)us  pixxliicts ;  but  cliareoal, 
which  contains  practically  no  volatile  constituents, 
niei-ely  jjlows.  The  structui-e  of  flames  will  be  taken 
up  later. 

34.  Reversed  Combustion.  —  We  liave  spoken  of 
combustion  heretofore  as  the  luiion  of  the  burning  body 
with  oxygen ;  other  ////j*^**,  however,  may  he  supporters  of 
combustion  just  as  trulf/  as  ojryyen. 

Tlius,  a  jet  of  buniiivi^  liydroirtMi  continues  to  bum  in  bro- 
mine  vapor;  and   phosphorus  burns  in  chloriue   much  as  in 


oxygen. 


If  lx)tli  the  combustible  and  the  supporter  of  its  conii 
bustion  are  gaseous,  the  combustion  may  be  reversed. 
Thus,  oxygen  may  })ecome  the  burning  Ixnly  and  illumi- 
nating gas    tlie    supporter  of  combustion. 
This  revei*sal  may  be   shown   by  a    very 

A  bottle  (Fig.  l.'J)  is  supported,  mouth  down- 
I  ward,  and  tilled  witli  ilhnninatiug  gas  by  dis- 

J    ^C  placing  the  air.     The  gas  at  the  mouth  of  the 

l)ottlo  is  then  lighted,  and  while  it  is  burning 
V  '  =■  a  jet  of  oxygen  is  brought  up  into  the  bottle. 
Fig.  i:j.  I'bc   oxygen  takes  lire   at   the    lnjttle's   mouth 

and    burns    hi    the    atmosphere   of    illuminat- 
ing gas.     The  oxygen  jet  of  the  preceding  experiment  may 
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be  replaced  by  a  deflagrating  spoon  of  potassium  chlorate  which 
has  been  heated  so  that  it  gives  off  oxygen. 

35.  Exercises. 

:.  How  many  grams  of  mercury  will  b^  formed  bj'  the  de- 
vomposition   of  43.2  grams  of  mercuric  oxide  ?     How  many 
grams  of  oxygen  ? 

2.  How  many  grams  of  the  magnetic  oxide  of  iron  will  be 
formed  when  50  grams  of  iron  burn  in  oxygen  ? 

3.  How  many  grams  of  manganese  dioxide  are  needed  to 
give,  when  decomposed  by  heat,  12  grams  of  oxygen?  IIow 
much  manganous-manganic  oxide  is  formed  at  the  same  time  ? 

^.  How  much  magnesium  is  contained  in  30  grams  of  mag- 
nesium oxide  ?  What  per  cent  of  magnesium  oxide  is  mag- 
nesium ?     Oxygen  ? 

5.  Calculate  the  per  cent  of  oxygen  in  phosphorus  pen- 
toxide. 

^^,  IIow  many  c.c.  of  oxygen  can  be  made  from  1.2,  grams  of 
'potassium  chlorate  when  JL  c.c.  of  the  gas  weighs  0.0014 
grams  ? 

7.  How  many  grams  of  potassium  chlorate  must  be  decom- 
posed to  fill  a  3r)-liter  gasometer  (a  vessel  for  storing  gases) 
witli  oxygen  at  a  temperature  and  a  pressure  at  wliich  1  liter  of 
oxygen  weighs  1.25  grams  ? 

8.  ^Miat  is  the  weight  of  tlie  carbon  dioxide  formed  l)v  the 


combustion  of  10  <rrams  of  carbon  in  oxvjjfen  ?     AVhat  will  be 


r» 


the  volume  of  the  carbon  dioxide  under  conditions  at  whicli 
one  liter  of  the  gas  weighs  2  grams  ? 


CHAPTER  III. 


WATER. 


36.  Nature  of  Water. — The  union  of  the  elements 
composing  water  is  so  strong  that  water  itself  was  be- 
lieved to  l)e  an  element  until  17S1.  In  tliat  year,  Cav- 
endisli,  who  had  diseovei'ed  liydn>gen  in  1766,  succeeded 
in  ByntheHiziwi  (=:  putting  together)  water  from  hydro- 
gen and  oxygen,  ancLtlius  proved  its  compound  natui*e. 

37.  Electrolysis  o  f 
Water.  —  ITie  fact  that 
water  is  a  compound  is 
proved  analytivaUy  by  its 
decomposition  by  the 
eleitrie  euiTent,  The 
opeiiition  is  carried  out 
as  follows :  — 

A  i-urrt'nt  from  an  eletN 
trii-  luitterv  (Fig.  14)  —  that 
from  four  (ire net  cells  in 
seru.^  is  adequate  —  is  passed  between  platinnni  electrodes 
through  water  containing  about  live  per  cent  t>f  its  weight  of 
sulphuric  acid.  AMiile  the  current  is  passing,  bubbles  of  gas 
gather  upon  the  electrtxles,  and  rise  from  theiu  through  the 
liquid.  The  gases  may  be  collected  separately  hy  inverting 
over  each  flectrtnle  a   tube  liUed   with  the  dilute  acid.     The 

3S 
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rates  at  which  the  two  gases  from  the  electrodes  collect  in  the 
tubes  is  not  the  same  ;  one  of  them — that  at  the  negative  ( — ) 
electrode  —  collects  a  little  more  than  twice  as  rapidly  as  the 
other.  This  electro-positive  (-|-)  gas  is  hydrogen  ;  that  at  the 
positive  electrode  is  oxygen. 

The  relation  between  the  volume  of  the  hydrogen  and 
that  of  the  oxygen  is  much  more  nearly  2 :  1  than  is 
usually  shown  by  this  experiment.  That  the  ratio  is 
generally  too  large  is  due  to  several  islight  errors,  one 
of  which  is  that  the  oxygen  is  much  more  soluble  in 
the  dilute  acid  than  the  hydrogen  This  error  may  be 
avoided  if  the  gases  are  not  collected  until  the  liquid 
has  become  satucrated  with  them. 


The  electrolysis  of  dilute  sulphuric  acid  is  not  a  direct  de- 
composition of  water  by  the  electric  current;  iox  pure  water  is 
scarcely,  if  at  all,  electrolyzed  in  the  absence  of  sulphurii:,  acid, 
or  some  similar  substance.  It  is  the  water,  however,  that  is 
actually  used  up;  hence  we  speak  of  the  result  as  an  elec- 
trolysis of  water.  The  function  of  the  sulphuric  acid  will  be 
discussed  later. 


38.  Synthesis  of  Water,  by  Volume.  —  The  elec- 
trolysis of  water  gives  two  volumes  of  hydrogen  for 
every  volume  of  oxygen;  but  the  complete  proof  that 
this  is  the  proportion  in  which  these  gases  are  united 
in  water  follows  from  the  volumetric  synthesis  of  water. 
Thus  an  additional  fact  may  be  learned,-  viz.,  that  the 
relation  between  the  volume  of  the  water  (steam)  pro- 
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If   iif  tlie  oxj-gen   and  hydrogen 


diiml    itiKl   (]>.' 
liikcii  is  ;i  Ki'iiiftr  mil'. 

Till-.    iqi[iiir.itiis    n-<iiiiiv<l    to  deiiionBtr&te    the    volu* 
iinjtiiu  syiilhcsis  nf  water  is  kIiuwi)  iii  Fig.  16. 


A  ;;r»iliiiitL>i]  tubv  lIosciI 
at  line  «lii1  lias  two  plati- 
luiii)  wirifa  ]>aBHiii)r  Ihruiigh 
tli(>  wallM  and  almust  meet- 
at  t}ib  cIcMed  end.  ThiH 
t  I  — it  is  called  a  "  eudi- 
t  r"  tube  — is  filled 
tl  uTuuiy,  aud  its  open 
I  H  jilated  undor  incr- 
r  Part  of  the  mercury 
tl  eudiometer  ia  then 
ItHi  Itiued  by  a  mixture  of 
I  liyilnigen  aud  oxygeu 
I  t  together  in  the  propoi^ 
t  s  in  which  they  are 
ol  ta  tied  by  electrolysii. 
The  ai>])aratuB  shown  in 
I'i^.  Hi  is  very  conveoieiit 
for  pwimringthe  oxyhydro- 
gt'ii  mi xt Eire.  The  audi- 
onifter  is  iinw  attached 
et'ctirely  to  a  nibber  tube 
L'oiitiiiniug  inertriin',  aud  is 
tliiiN  put  iiitu  itiiiiniiinication  witli  a  leveliiig  tube  partly  fuU 
of  the  xiuiie  uK>tal.  Ity  raising  or  towering  tbu  lereler  tJie 
esporiiii enter  cmi  comprens  nr  expand  tlic  gas  in  the  eudi~ 
ometer.  He  itaii  thus  get  the  volume  of  the  gas  at  atmospheric 
pressure  by  bringiug  the  surface  of  the  mercury  in  the  eudi- 
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ometer  and  that  in  the  leveler  into  the  same  horizontal 
plane.  When  the  connections  between  the  eudiometer  and 
the  leveler  have  been  made,  a  jacket  is  placed  about 
the  eudiometer,  the  platinum  wires  are  connected  with  a 
Kuhmkorff  coil,  and  steam 
.  is  passed  through  the  jacket 
until  the  volume  of  the  gas 
in  the  eudiometer  becomes 
constant.  This  volume  is 
read  accurately  at  atmos- 
pheric pressure.  The  leveler 
is  then  lowered,  so  as  to  put 
the  gas  under  diminished 
pressure;  the  spark  is  passed 
through  the  mixture ;  and 
union  is  effected.  With  the 
steam  still  running  through 
the  jacket,  the  mercury  level 
in  the  eudiometer  and  in  the  ^^°'  ^^* 

leveler  is  made  the  same;  and  the  vomme  of  gas  in  the  tube 
is  read. 


The  gaseous  substance  in  the  tube  after  the  explosion 
is  Steam ;  and  its  volume  is  only  two  thirds  as  great  as 
that  of  the  original  gases  ;  we  have  thus  proved  that  two 
volwmes  of  hydrogen  and  one  of  oxygen  unite  to  produce 
two  of  steam, 

Tliis  experiment  has  been  performed  many  times  and 
with  great  care, —  the  first  time  by  Humboldt  and  Gay- 
Lussac  in  1805, —  and  proves  conclusively  that  the  pro- 
portion   by    volume   in  which  hydrogen   and    oxygen 
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coml)ine  to  forrri  water  is  the  same  as  that  in  which 
these  gases  are  obtained /ro^w*  water. 

If  th3  apparatus  for  ofTecting  the  volumetric  synthesis  of 
water  is  used  without  the  steam  jacket,  the  proportions  of  tlie 
co!iibiiiiii<^  ga«es  may  ho  determined,  but  not  the  volume  of 
steam  i)rodu(red.  The  volume  of  liquid  water  produced  by  the 
coiidensation  of  the  steam  is,  of  course,  very  small. 

39.  Synthesis  of  Water,  by  Weight.  —  A  knowl- 
edge of  the  exact  proportions,  by  weight,  in  which 
hydrogen  and  oxygen  are  combined  in  water  is  of 
such  iinportiinee  to  Chemistry  that  many  methods  have 
been  devised  for  the  determination  of  the  ratio.  The 
methods  are,  in  general,  of  two  classes. 

In  methods  of  the  first  class  a  known  weight  of 
hydrogen  is  passed  over  some  oxidizing  agent,  e,  ^., 
cupric  oxide;  the  hydrogen  is  thus  converted  into 
water,  which  is  collected  and  weighed.  The  gain  in 
weight  is,  evidently,  oxygen. 

In  methods  of  the  second  class  a  known  weight  of 
the  oxidizing  agent  is  reduced  in  a  stream  of  hydrogen, 
and  the  weight  of  the  water  formed  is  determined. 
Here  the  loss  in  weight  of  the  oxidizing  agent  is  plainly 
equal  to  tJie  weight  of  the  oxygen  which  nnited  with 
the  hydrogen  ;  for  the  water  farmed  contains  the  oosygen 
lost  by  the  oxidizing  agent. 

The  apparatus  for  one  method  of  the  second  class  is 
shown  in  Fig.  17. 
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Hydrogen,  purified  and  dried  by  alkaline  perm anganate  solu- 
tion (B)  and  calcium  chloride  (C)  respectively,  ia  passed  over 
heated  copper  oxide  contamed  in  a  porcelain  biiat  (D),  and  tJie 
water  produced  ia  collected  in  a  "LT-tube  of  calcium  chloride  (E). 
A  guard  tube  of  calcium  chloride  (F)  excludes  the  water  of 
the  dr. 

The  cupric  oxide  ia  weighed  before  and  after  the  ex- 
periment; its  loss  in  weight  is  oxygen.  The  calcium 
chloride  tul>e,  too,  is  weighed  before  and  after  the 
experiment;  it«^am  in  weight  represents  water. 

Berzelius  and  Dulong  carried  out  this  experiment,  in 
1819,  with  the  following  results :  — 


=    3.390  g. 


Wei^t  of  water  taken  up  by  calcium  chloride    ^  30.619  g, 
LoBa  in  weight  of  the  cupric  oxide  (=  oxygen)    =  27.120  g. 
Therefore,  weight  of  hydrogen  united  with  I 
27.129  g.  oxygen  i 

27.129  :  3.39  ::  sc :  1  ;  whence  x  =  8.002  +  ,    tlie   ratio  of 
oxygen  to  hydrogen  in  water. 

40.  Ifatural  Water  and  Its  Impurities.  —  The  water 
that  falls  upon  the  earth's  land  surface  gets  back  to  the 
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sea  in  various  ways,  but  rarely  without  leaching  out 
soluble  substances  from  the  soil.  Natural  water  there- 
fore contains  more  or  less  impurity.  The  cliaracter  of 
the  impurity  depends,  (1)  upon  the  substances  present 
in  the  air  through  which  the  water  fell  to  the  earth ; 
(2)  upon  the  soil  through  or  over  wliich  the  water  has 
flowed ;  and,  also,  (3)  upon  the  opportunities  the  water 
has  had  of  losing  material  previously  gathered.  Even 
rain  water  is  far  from  pure,  for  it  gathers  much  dust, 
both  organic  and  inorganic,  and  many  gaseous  impurities 
of  the  air,  e.  g.,  ammonia. 

Water  which  penetrates  the  earth's  surface  usually 
finds  soluble  substances,  both  solid  and  gaseous.  The 
most  common  soluble  solids  found  in  wat-er  are,  prob- 
ably, common  salty  magnesium  chloride^  and  gypsum ;  of 
the  gases,  carbon  dioxide  and  hydrogen  sulphide.  Water 
charged  with  carbon  dioxide  has  the  power  to  dissolve 
limestone  ;  hence  this  substance  is  a  connnon  ingredient 
of  natural  water,  even  of  modemtely  "soft"  water,  as 
is  proved  by  the  incrustations  of  limestone  in  vessels  in 
wliich  such  water  is  habitually  heated. 

Water  charged  with  hydrogen  sulphide  is  called  ml- 
phur  water. 

The  water  which  flows  over  the  earth  as  rivers  gathers 
its  pecuUar  organic  impurities  from  the  land.  These  may 
consist  of  micro-organisms  washed  down  by  surface  water, 
or,  in  the  case  of  rivers  passing  large  cities,  of  sewage.  If 
the  river  is  sluggish,  these  impurities  are  not  easily  removed  ; 
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but  if  it  has  a  rapid  current,  and  especially  if  there  axe 
rapids  and  waterfalls  in  its  course,  the  river  soon  purifies 
itself  by  bringing  its  impurities  into  contact  with  the  oxygen 
of  the  air^  which  destroys  them. 

41.  Sea  Water.  —  Since  the  sea  is  the  ultimate  desti- 
nation of  most  of  the  water  that  falls  upon  the  land,  it 
is  evident  that  the  material  dissolved  by  fresh  water 
will  accumulate  in  the  ocean.  Indeed,  about  four4ifir 
cent  of  sea  water  consists  of  dissolved  material^  three- 
fourths  of  which  is  common  salt.  It  is  probable  that 
greater  or  smaller  amounts  of  all  the  substances  com- 
posing the  crust  of  the  earth  may  be  found  in  the  sea. 

42.  The  Purification  of  Water.  —  Water  may  usually 
be  purified  by  filtration  or  by  distillation. 

Filtration  serves  not  only  to  remove  insoluble  sub- 
stances, but  also  to  oxidize  many  organic  impurities  by 
bringing  them  into  intimate  contact  with  air. 

When  water  is  raised  to  the  boiling  temperature,  most  of  the 
micro-organisms  contained  in  the  water  are  killed,  and  at  least 
one  of  its  inorganic  impurities,  viz.,  calcium  carbonate  (lime- 
stone), is  rendered  insoluble.  Soluble  impurities,  however, 
still  remain.     To  get  water  free  from  these  it  must  be  distilled. 

Distillation  consists  in  converting  a  liquid  into  vapor, 
and  then  condensing  the  vapor  to  the  liquid  state. 
When  water  is  distilled,  all  impurities  more  volatile 
than  the  water  will  appear  in  the  first  portions  of  the 
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distillate ;  all  imich  hfss  volatile  will  i*eiiiaiii  liehind  in 
the  retort. 

The  usual  form  of  distilling  ai)i)aratus  used  in  labora- 
t/jiies  is  shown  in  Fig.  18. 

The  coiidoiiser  in  tlio  ii»^nre  is  called  a  Liebig's  condenser. 
It  consists  of  an  inn<*r  tube  tlirouji^li  Avhicli  the  evolved  vapor 
is  passed  for  condensation,  and  of  an  outer  jacket  through 
which  a  stream  of  cold  water  is  kept  running  in  the  direction 
shown  hv  the  arrows. 


Fig.  18. 


Although  water  can  be  obtained  renHonahly  pure  by- 
distillation,  cliemically  pure  water  is  very  difficult  to 
I)repare.  Even  if  water  is  pure  when  freshly  distilled, 
as  shown  by  its  leaving  no  residue  when  evaporated  in 
a  platinum  dish,  it  cannot  be  kept  pure  long,  owing  to 
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its  tendency  to  act  upon  the  glass  or  porcelain  vessels 
in  which  it  is  stored  or  used. 

Distilled  water  is  "  flat "  to  the  taste.  This  is  due  largely 
to  the  fact  that  distilled  water  has  lost  the  gases  present  in 
natural  water.  Distilled  water  may  therefore  be  made  much 
more  palatable  by  shaking  it  thoroughly  with  air. 

43.  Hard  and  Soft  Water.  —  Water  which  contains 
much  gypsum^  limestonej  or  similar  substances  in  solu- 
tion does  not  wet  the  skin  readily,  arid  is  therefore  called 
"hard"  water.  When  soap  is  put  into  such  water  it 
does  not  dissolve  readily,  but  forms  an  insoluble  scum. 
It  is  only  after  the  separation  of  this  scum  that  soap 
will  dissolve  in  quantity  and  form  permanent  suds.  As 
will  be  explained  later,  the  hardness  of  water  containing 
only  limestone  is  temporary  because  it  may  be  removed 
by  boiling ;  if  gypsum  is  present,  however,  the  water  is 
permanently  hard  and  can  be  "  softened  "  only  by  the  use 
of  washing  powders,  etc.,  which  are  capable  of  convert- 
ing the  gypsum  into  insoluble  forms. 

« 

44.  Properties  of  Water.  —  Pure  water  is  practically 
odorless  and  tasteless.  In  small  quantities  it  has  no 
color,  but  in  large  masses  it  is  blue. 

The  specific  heat  of  water  is  high,  more  heat  being 
required  to  raise  the  temperature  of  a  given  weight  of 
water  one  degree  than  is  required  in  the  case  of  any 
other  sul)stance  except  hydrogen. 
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The  latent  heat  both  of  water  and  of  steam  is  very 
great.  When  a  given  weight  of  water  at  0°  C.  is  frozen 
to  ice  at  0°  C,  it  gives  off  enongh  heat  to  raise  the 
temperature  of  an  oqiial  weight  of  water  from  0°  C.  to 
80°  C.  When  a  given  weight  of  steam  at  100°  C.  con- 
denses to  water  at  100°  C,  the  heat  evolved  is  sufficient 
to  raise  the  temperature  of  about  5.37  times  the  weight 
of  water  from  0°  C.  to  100°  C. 

The  boiling  point  of  water  is  100°  C.  at  760  mm. 
pressure.  Since  the  boiling  point  of  a  substance  is  the 
temperature  at  which  the  pressure  of  its  vapor  jtist  ex- 
ceeds tliat  of  the  atmosphere,  the  *^  vapor  tension  "  of 
water  at  100°  C.  must  l)e  760  mm.  At  21  mm.  pres- 
sure, water  boils  at  23°  C. ;  at  3,581  mm.,  at  150°  C. 

The  freezing  point  of  water  (=  melting  point  of  ice) 
is  0°  C.  at  760  mm.  pressure.  Water  expands  on  freez- 
ing, 10  c.c.  of  the  liquid  becoming  about  10.9  c.c.  of 
ice.  At  about  4°  (y.,  water  is  at  its  maximum  den- 
sity. Its  relative  density  at  this  temperature  is  taken 
as  1. 

Water  is  a  poor  conductor  of  heat  and  of  the  electric 
current. 

4$.  Steam  and  its  Dissociation.  —  Steam,  which  is 
water  in  the  condition  of  a  vapor,  is  nine  times  as  heavy 
as  hydrogen.  It  is  so  stable  that  it  does  not  begin  to 
decompose  into  its  elements  until  it  is  heated  to  about 
1000°  C.  Above  1000°  C.  the  amount  of  decomposition 
increases  with  the  temperature,  until  at  2500°  C.  about 


ACTION  OF  SODIUM  UPON  WATEB.  49 

half  of  the  steam  is  no  longer  steam,  but  oxygen  and 
hydrogen  uncomhined.  No  matter  how  long  steam  is 
kept  at  2500°  C.  it  cannot  be  decomposed  completely^  foi 
the  reason  that  side  by  side  with  the  decomposition  of 
steam  into  hydrogen  and  oxygen  there  is  a  recombina- 
tion of  these  elements  to  form  steam.  At  every  tem- 
perature, therefore,  between  1000°  C.  and  the  (high) 
temperature  at  which  the  decomposition  of  steam  is 
complete,  a  condition  of  equilibrium  is  soon  reached,  at 
which  as  much  steam  is  produced  in  a  given  time  as  is 
decomposed  in  the  same  time.  Hence  the  change  pro- 
ceeds no  farther  unless  the  temperature  is  raised.  If 
the  temperature  is  lowered,  enough  hydrogen  and  oxy- 
gen recombine  to  produce  equilibrium  at  the  lower 
temperature. 

A  decomposition  like  that  of  steam  is  called  a  disso- 
ciation. 

46.  Action  of  Sodium  upon  Water.  —  In  the  first 
chapter  reference  was  made  to  the  action  of  sodium 
upon  water  as  a  means  of  preparing  hydrogen.  This 
reaction  will  now  be  considered  more  fully. 

Sodium  is  a  soft  solid,  somewhat  lighter  than  wat-er. 
It  has  a  silvery  luster  when  freshly  cut^  but  tarnishes 
quickly  in  ordinary  air.  It  is,  therefore,  kept  under  lig- 
roin  or  kerosene.  Although  we  commonly  think  of  a 
metal  as  hard  and  heavy,  sodium,  which  has  neither  of 
these  properties,  is  yet  one  of  the  best  representatives 
of  the  class  of  metals.     This  is  due  to  its  chemical  prop* 
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erties,  the  most  important  of  which,  for  our  present  pur- 
pose, is  its  behavior  toward  water. 

When  a  piece  of  sodium  is  thrown  upon  water  (this  is  done 
at  arm's  length  to  avoid  danger  from  spattering),  it  at  once 
attacks  the  water,  melts,  assumes  a  globular  form,  and  then 
swims  about  until  dissolved.  If  a  lighted  match  is  held  near 
the  sodium  while  it  is  floating  upon  water,  a  flame  will  appear ; 
this  is  burning  hydrogen.  The  hydrogen  may  be  collected  by 
placing  the  sodium  in  a  short  piece  (1  cm.  long)  of  glass  tubing, 
and  then  plunging  it  quickly  by  the  aid  of  tongs  under  the 
mouth  of  a  bottle,  or  a  test  tube,  filled  with  water  and  inverted 
in  a  pan  of  water. 

Water  in  which  a  sufficient  quantity  of  sodium  has 
dissolved  possesses  new  properties.  It  feels  soapy  to  the 
touch,  has  a  hitter  taste^  and  turns  many  vegetable  col- 
ors, e.  g.,  red  litmus  to  blue.  If  the  water  is  evaporated, 
a  white  substance  will  remain,  which  is  sodium  hydrox- 
ide^ or  caustic  soda.  It  is  this  substance  that  gives  the 
water  its  new  properties. 

47.  Quantitative  Study  of  the  Reaction ;  Hydrox- 
ides. —  Sodium  hydroxide  is,  as  its  name  indicates,  a 
compound  of  sodium,  hydrogen,  and  oxygen.  Since 
sodium  hydroxide  contains  hydrogen,  it  is  evident  that 
not  all  of  the  hydrogen  of  water  is  set  free  by  sodium. 
As  a  matter  of  fact,  only  one-half  of  the  hydrogen  is  so 
liberated^  the  remaining  half  being  in  combination  with 
sodium  and  oxygen.  This  appears  from  a  quantitative 
study  of  the  reaction. 
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If  23  grams  of  sodium  had  been  placed  in  contact 
with  a  quantity  of  water  greater  than  18  grams,  it  would 
have  acted  upon  18  grams  of  water  only,  and  would 
have  formed  40  grams  of  sodiimi  hydroxide,  and,  at 
standard  temperature  and  pressure,  a  little  over  11  liters 
of  hydrogen.  The  hydrogen  formed  would  weigh  prac- 
tically 1  gram.  To  summarize  the  results  of  the  reac- 
tion, quantitatively  as  well  as  qualitatively :  — 


23  grams  of  sodium  and  18  grams  of  water  react  to  give  40 
grams  of  sodium  hydroxide  and  1  gram  of  hydrogen. 


As  we  have  already  learned,  18  gi'ams  of  water  con- 
sist of  2  gmms  of  hydrogen  and  16  of  oxygen.  Further- 
more, 40  grams  of  sodium  hydroxide  would  give,  when 
decomposed,  23  grams  of  sodium,  16  grams  of  oxygen, 
and  1  gram  of  hydrogen.  It  is  evident,  therefore,  that 
sodium  replaces  only  half  of  the  hydrogen  of  water  in 
forming  sodium  hydroxide. 

If  we  had  used  the  metal  potassium^  the  results  would 
have  been  similar,  viz. :  — 

39  grams  of  potassium  and  18  grams  of  water  react  to  pro- 
duce 56  grams  of  potassium  hydroxide  and  1  gram  of  hydrogen. 

The  56  grams  of  potassium  hydroxide  consist  of  39 
grams  of  potassium,  16  grams  of  oxygen,  and  1  grcim 
of  hydrogen.      Here  again  one-half  of  the  hydrogen  of 
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the  water  decomposed  is  liberated;  and  the  remaining 
half  is  retained  in  the  hydroxide.  In  fact,  the  hydrox- 
ides of  all  of  the  metah  may  he  coyisidered  to  be  water 
with  half  of  its  hydrogen  replaced  by  a  metal. 

48.  The  Action  of  Metals  upon  Hydroxides.  —  By 

the  use  of  proper  methods,  the  hydrogen  of  sodium 
hydroxide  may  b(3  replaced  by  sodium,  and  that  of 
potassium  hydroxide  by  potassium.  The  resulting  sub- 
stances will  Ix)  sodium  and  potassium  oxides.  The  re- 
actions take  place  as  follows  :  — 

40  grams  of  sodium  hydroxide  and  23  grams  of  sodium  give 
62  grams  of  sodium  oxide  and  1  gram  of  hydrogen. 

Also,  5G  grams  of  potassium  hydroxide  and  39  grams  of 
potassium  give  94  grams  of  potassium  oxide  and  1  gram  of 
hydrogen. 

To  replace  the  hydrogen  of  sodium  hydroxide  by 
sodium,  and  that  of  potassium  hydroxide  by  potassium 
is  a  somewhat  difficult  operation;  but  it  is  very  easy 
to  replace  the  hydrogen  of  these  hydroxides  by  alumi- 
num. The  resulting  substances  are  sodium-aluminum 
oxide  and  potassimn-aluminum  oxide  *  respectively.  These 
compounds  are  similar  to  sodium  oxide  and   to  potas^ 

slum  oxide  in  that  they  are  water  with  all  if  its  hydro- 
gen replaced  —  in  two  stages  —  by  metallic  elements. 

All  of  the  facts  just  stated  are  given  in  the  following 

recapitulation :  — 

*  Cf .  aluminatest  §  424. 
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49.  Water  in  Combination.  —  Water  is  widely  dis- 
tributed, not  oidy  in  the  free  condition,  but  also  in 
combined  fonn.  Most  natural  substances  contain  it. 
This  is  true  not  only  of  animal  and  plant  tissues  and 
products,  but  even  of  inorganic  substances.  For  con- 
venience, we  may  distinguish  at  least  three  ways  in 
which  water  may  be  contained  in  other  substances :  — 

(1)  Mechanically  enclosed. 

(2)  As  "  water  of  crj'etalli nation." 

('i)  As  an  integral  part  of  the  substance. 
The  form  in  ivhicli  water  is  contained  in  a  substance  gener- 
ally appears  from  the  behavior  of  the  substance  when  lieated. 


50.  Water  Meclianically  Enclosed.  —  Water  may  he 
held  mechanically  either  (1)  between  the  cry»tal»  of  a 
substance,  or  (2)  in  its  pores.     In  eitlier  case  the  water 
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is  given  off  when  the  substance  is  heated  gently. 
When  the  sulwtiince  contains  water  enclosed  between 
crystiils,  however,  the  water  escapes  explosively;  for 
the  crystal-mass  is  broken  in  pieces  by  the  steam  pro- 
duced. 

Such  substances  are  said  to  decrepitate. 

Illustrations  are  :  Common  salt  and  potaMium  sulphate. 

51.  Water  of  Crystallization.  —  By  water  of  crys- 
tallizatioH^  or  eryatal-water^  we  mean  the  water  with 
which  some  subst^inces  combine  when  they  crystallize 
from  aqueous  solution. 

When  substances  contiiining  water  of  crystallization 
are  heated,  they  usually  inelt  while  the  water  escapes, 
and  then  assume  the  solid  fonu  again. 

The  loss  of  cr5^stal-water  by  a  substance  is  accompanied  by 
a  loss  of  crystalline  structure  and  by  other  changes  in  proper- 
ties. Thus,  mipric  sulphate  is  a  white  solid,  but  hhie  vUriolj  its 
ordinary  form,  is  cupric;  suli)hate  j>Z«.s  water  of  crystallization. 
C.-rystallized  sodium  sulphate,  sodium  carbonate,  alum,  etc., 
all  contain  much  crystal-water. 

The  amount  of  crystal-water  which  will  combine  with 
a  given  weight  of  the  anhydrous  (/.f.,  water-free),  sub-  * 
stance  is  definite  for  each  substance.     Thus,  90  grains 
of  water  are  united  with  159  grams  of  cupric  sulphate 
in  every  249  grams  of  blue  vitriol. 

The  color  of  a  substance  is  usually  the  same  when 


EFFLORESCENCE,   DELIQUESCENCE,   ETC.  55 

the  substance  is  combined  with  water  of  crystallization 
as  when  it  is  in  solution  in  water. 

By  no  means  all  crystalline  substances  contain  crystal- 
water.  Cane  sugar,  salt,  potassium  sulphate,  etc.,  crystallize 
from  their  solutions  in  water  without  taking  up  any  of  the 
water  as  crystal-water. 

52.  Water  an  Integral  Part  of  the  Substance.  — 

Many  substances  which  cannot  be  said  to  contain  water^ 
yet  contain  hydrogen  and  oxygen  in  the  proportion 
in  which  these  elements  are  united  in  water.  Such 
compounds  are  the  substances  referred  to  as  having 
water  in  the  third  form  of  combination,  viz.,  a%  an 
integral  part  of  the  svh%tance.  Examples  are  sugar, 
starch,  cotton,  wood,  etc.  When  these  substances  are 
heated,  they  are  easily  decomposed,  liberating  water  and 
other  products,  while  a  residue  of  charcoal  remains 
behind. 

53.  Efflorescence,  Deliquescence,  Etc.  —  Certain 
substances  give  up  all  or  part  of  their  crystal-watei 
when  exposed  to  the  air,  and  thus  lose  their  crystalline 
form.     Such  substances  are  said  to  effloresce. 

An  example  is  crystallized  sodium  carbonate,  which  be- 
comes a  non-crystalline  powder  when  exposed  to  the  air. 

Certain  other  substances,  on  the  contrary,  when  de- 
.  prived   of   their  water   of   crystallization,    take    it  up 
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again  by  absorbing  water  from  the  air  and  from  other 
substances.  Such  bodies  make  good  dehydratmg,  L  e., 
drying^  agents. 

Examples  are:  Anhydrous  cupric  sulphate  and  anhydrous 
potassium  carbonate. 

If  dehydrating  agents  al)S()rb  so  much  water  from  the 
air  that  they  dissolve  in  the  water,  they  are  said  to 
deliquesce. 

An  example  is  anhydrous  calcium  chloride. 

In  any  case,  if  a  sidtstance  takes  up  water  when  ex- 
posed to  moist  air,  it  is  said  to  be  hygroscopic. 

Many  substances  are  drying  agents,  not  because  they 
tend  to  take  up  water  of  crystallization,  but  because  they 
combine  with  water  to  form  other  compounds.  Quicklime, 
which  is  calcium  oxide,  is  an  example.  When  this  sub- 
stance is  slaked^  by  addition  of  water,  it  becomes  calcium 
hydroxide. 

54.  Exercises. 

1.  IIow  many  grams  of  water  are  formed  by  the  combustion 
of  10  grams  of  hydrogen  in  air  ? 

2.  AVhat  evidence  is  there  that  the  hydrogen  of  water  is 
more  divisible  than  the  oxygen  ? 

3.  How  could  you  determine  approximately  how  much  water 
is  contained  in  a  potato  ? 
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4.  5  grams  of  crystalline  barium  chloride  lost,  when  heated 
at  120°  C,  0.65  grams.     'What  per  cent  of  water  did  it  have  ? 

5.  Calculate  the  per  cent  of  water  of  cnstallization  in  a 
sample  of  potash  alum,  47.4  grams  of  which  lost  21.6  grams 
of  water. 

6.  How  many  grams  of  water  can  be  decomposed  by  10 
urams  of  sodium?  How  much  scNlium  hydroxide  will  be 
formed  ? 

7.  How  many  grams  of  potassium  are  require<l  to  give  with 
water  50  grams  of  potassium  hydroxide?  How  many  grams 
of  hydrogen  will  be  libt-rated  at  the  same  time  ?  How  many 
liters  when  1  liter  weighs  0.09  srrams? 

8.  How  many  grams  of  water  are  formed  by  burning  10 
liters  of  hydrogen  when  1  liter  of  the  latter  weighs  0.085 
grams? 


CHAPTER  IV. 
SOLUTION. 

55.  The  Character  of  Solution.  —  Solution,  or  dis 
Bolving,  takes  place  wlien  substances  are  mixed  in  such 
a  way  that  the  matter  of  each  is  distributed  uniformly 
throvfjh  tJuit  of  the  others.  The  resulting  homogeneous 
mixture  is  called  a  solution.  Thus  broadly  defined,  the 
tenn  solution  includes  phenomena  called  by  many  dif- 
ferent names,  l)ut  we  sliall  restrict  it  to  the  absoiptioii 
of  a  gas,  li(][uid,  or  solid,  \vithin  the  portion  of  space 
occupied  by  some  liquid.  The  liquid  is  called  the 
solvent,  ilxamples  of  common  solyents  are:  Water^ 
alcoholy  and  ether. 

If  the  solvout  is  colorless,  and  the  dissolved  substance  has  a 
definite  color,  the  solution  will  usually  be  colored  ;  if  the  dis- 
solved snbstance  is  white,  or  colorless,  the  solution  will  be 
colorl(;H8  ;  but  in  any  case  the  solution  will  be  clear.  Insoluble 
substan(;es  often  remain  mechanically  suspended  in  a  liquid  for 
some  time.  Their  presence  is  shown  by  the  turJnd  appearance 
of  the  liquid. 

Dilute  solutions  have  practically  the  same  volume  as 
that  of  the  solvent,  but  when  the  amount  of  dissolved 
substance  l^ecomes  large,  the  volume  of  the  solution  is 
incrciised, 

68 
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An  illustration  of  the  first  statement  is  found  in  the  familiar 
experiment  in  which  a  considerable  quantity  of  powdered 
sugar  is  added,  little  by  little,  to  a  vessel  entirely  full  of  water 
without  causing  an  overflow,  while  a  much  smaller  amount  of 
an  insoluble  substance,  e.  gr.,  sand,  causes  some  of  the  water  to 
be  displaced. 

56.  Boiling  Point  and  Freezing  Point  of  a  Solution. 

—  Substances  in  solution  raise  the  boiling  point,  anil  lower 
the  freezing  point  of  the  solvent.  Thus,  water  con- 
tiiining  salt  or  sugar  boils  above  100°  C.  at  760  mm. 
2)ressure,  and  freezes  below  0°  C.  In  dilute  solutions 
the  rise  of  the  boiling  point  and  the  lowering  of  tlie 
freezing  point  are  proportional  to  the  amount  of  dissolved 
substance  in  a  given  volume.  The  specific  gravity  of 
solutions  of  solids  is  gi^eater  than  that  of  the  solvent. 
Thus,  sea  water  has  a  specific  gravity  of  1.026. 

57.  Temperature  Changes  during  Solution.  —  When 
a  gas  dissolves  in  a  liquid  there  is,  as  a  rule,  an  evolu- 
.tion  of  heat  and  a  consequent  rise  of  temperature,  but 
the  solution  of  a  solid  is  usually  attended  by  an  absorp- 
tion of  heat  and  a  reduction  of  temperature.  Some 
solids,  however,  dissolve  in  water  with  evolution  of 
heat.  Examples  are :  Anhydrous  calcium  chloride  and 
anhydrous  sodium  carbonate.  These  apparent  excep- 
tions are  usually  substances  that  have  been  deprived  of 
water  of  crystallization,  and  take  it  up  again  when 
brought  into  contact  with  water.     Because  of  the  heat 
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evolution  clue  to  the  union  of  these  substances  with 
their  crystjil-wiiter,  the  heat  absoiption  due  to  the 
solution  of  the  crystallized  substances  is  not  perceptible. 
When  the  cn/Hfah  of  such  substiinces  are  dissolved  in 
water  there  is  usually  a  reduction  of  temperature. 


58.  §olubility.  —  By  the  Bohvbility  of  a  substance 
we  mean  the  maximum  amount  of  the  substance  that 
can  be  taken  uj)  by  a  given  quantity  of  the  solvent 
mider  the  (jiven  conditio hb. 


The  aniounts  of  two  substances  which  will  dissolve  in  a 
given  weight  of  a  solvent  are  very  unequal,  as  are,  also,  the 
quantities  of  two  solvents  which  are  required  to  absorb  a  given 
wei<ijht  of  the  same  substance.  Thus,  sugar  and  salt  are  very 
solul)le  in  water,  l)ut  ])racticall3'  insoluble  in  ether.  Even  in 
water,  however,  their  solubilities  are  very  different,  sugar  being 
nuich  more  solul)le  than  salt.  Similar  differences  exist  in  the 
case  of  gases,  hydrogen,  for  example,  being  only  about  half  as 
soluble  as  oxygen  in  water  of  the  ordinar}^  temperature. 


59.  Effect  of  Temperature  on  Solution.  —  The  solu- 
bility of  a  substance  depends  not  only  upon  the  solvent 
used,  but  also  upon  the  temperature.  As  a  rule,  solids 
are  more  soluble  in  hot  than  in  cold  liquids,  while  the 
reverse  is  true  of  gases.  The  following  table  shows  the 
effect  of  temperature  upon  the  solubility  of  seyeral 
solids. 


SOLUBLE  AND  INSOLUBLE  SUBSTANCES. 
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Substance. 

Grams  soluble  in  100  Grams  Water. 

AtO^C. 

At20o. 

At  100°. 

Potassium  nitrate. 

13.3 

31.7 

246. 
39.7 

Sodium  chloride. 

35. 

86. 

Potassium  clilorato. 

7.2 

50.5 

Cupric  suliihato  (cryst.). 

42.3 

2a3.3 

To  illiistmte  the  decrease  of  solubility  of  gases  with 
rise  of  teinperatui'e  we  may  take  the  case  of  oxygen, 
4.1  c.c.  of  which  can  dissolve  in  100  c.c.  of  water  at 
0°  C,  2.9  c.c.  at  15°,  and  nojie  at  100°. 

6o.  Soluble  and  Insoluble  Substances.  —  A  solid 
requiring  less  than  100  times  its  weight  for  com- 
plete solution  jnay  Ixi  considered  readily  soluble ; 
one  needing  between  100  and  1,000  times  its  weight, 
difficultly  soluble ;  while  one  which  requires  more  than 
1,000  paits  of  the  solvent  may  be  called  insoluble. 

There  is,  however,  a  fijreat  difference  in  the  sohibilities  of 
so-called  "  insoluble  "  substances.  Thus,  strontium  sulphate 
requires  about  8,000  parts  of  water  for  solution,  and  barium 
sulphate,  about  400,000  parts. 


AVe  call  a  substance  insoluble^  then,  only  relatively  to 
other  substances,  and  not  absolutely,  for  there  is  prob* 
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ahly  no  substance  of  which  a  s?naU  amount  will  not  dissolve^ 
if  the  quantity  of  tJie  solvent  is  very  large. 

6i.  Saturated  Solution.  — When  a  liquid  has  in  solu- 
tion all  tliat  it  can  hold  of  a  substance  under  certain 
conditions,  it  is  said  to  be  saturated  with  respect  to  that 
substance  under  the  specified  conditions.  Considering 
now  only  the  solution  of  solids  in  liquids,  we  may  know 
that  a  solution  is  saturated  when  a  slight  lowering  of 
its  temperature  or  the  removal  of  a  small  amount  of  the 
solvent,  e,  y.,  by  evaporation,  causes  precipitation  of  some 
of  the  dissolved  substance. 

There  are  two  iiK^thods  in  common  use  for  the  production, 
at  onlinary  temperatures,  of  a  saturated  solution  of  a  solid. 
In  the  first  of  these  the  solvent  is  allowed  to  remain  for  some 
time  in  contac^t  with  an  excess  of  the  solid,  and  the  mixture  is 
shaken  or  stirred  to  hasten  solution. 

In  the  second  method,  the  solvent  is  heated  above  the  ordi- 
nary temperature  with  enough  solid  to  produce  saturation  at 
the  higher  temperature,  and  the  solution  is  then  cooled  to  the 
ordinary  temperature.  In  tliis  way,  the  excess  of  soUd  is 
deposited. 

62.  Supersaturated  Solutions.  —  Many  solutions, 
however,  although  saturated  at  temperatures  above  the 
ordinaiy,  will  not  deposit  their  excess  of  dissolved  solid 
when  the  temperature  is  lowered.  Such  solutions  are 
said  to  l)e  supersaturated.  A  solution  usually  remains 
supersaturated  only  while  undisturbed.  If  the  containr 
ing  vessel  is  jarred,  or  if  small  particles,  e.  g.^  of  dusti 


^-rz^miL-^  . 
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tire  introduced,  precipitation  often  results.  The  moat 
certain  way,  however,  of  disturbing  a  supersaturated  so* 
lution  is  to  add  a  crystal  of  the  dissolved  substance.  A 
rapid  separation  of  the  excess  of  the  latter  is  the  result. 

63.  Precipitation  and  Crystallization.  —  As  stated  in 
the  preceding  section,  a  solid  may  be  made  to  separate 
from  its  solution,  if  the  latter  is  brought  to  the  point  of 
saturation.  A  dilute  solution  must,  therefore,  be  con- 
centrated if  separation  is  to  take  place.  If  a  solid  sep- 
arates from  solution  rather  slowly,  it  vnH  frequently  be 
found  to  consist  of  regular  masses  called  crystals.  The 
more  slowly  crystallization  takes  place,  the  larger  and 
more  perfect  will  the  crystals  he.  But  often  a  solution  is 
brought  to  saturation  suddenly,  as  is  the  case  when  the 
temperature  of  an  almost  saturated  solution  is  rapidly 
lowered,  or  when  another  solvent  is  added,  or  when  a 
new  substance  is  formed  which  is  not  very  soluble  in 
the  solvent.  In  such  cases,  the  sul)stance  that  separates 
from  solution  will  consist  of  very  small  crystals,  or  it 
may  even  be  in  an  amorphous,  i.  e.,  non-crystalline,  form. 
In  either  case  it  is  called  a  precipitate. 

Thus,  when  silver  nitrate  and  sodium  chloride  solutions  are 
mixed,  there  is  produced  a  white,  amorphous  precipitate  of 
silver  chloride,  the  sodium  nitrate  formed  at  the  same  time 
remaining  in  solution.  Relatively  to  silver  nitrate  solution, 
therefore,  sodium  chloride  solution  is  a  precipitant,  since  Its 
addition  produces  a  precipitate. 
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64.  Decantation  and  Filtration.  —  We  may  separate 
a  precipitate  from  the  solution  in  which  it  is  suspended 
either  by  uUowing  it  to  settle  and  then  decanting^  i.  e., 
pouring  off,  the  clear  solution,  or  hy  filtering  the  mixture 
of  liquid  and  solid.  For  the  latter  purpose  we  use  a 
filter  paper ^  consisting  of  cellulose,  which  permits  liquids 
and  dissolved  solids  to  pass  through  its  pores,  but  usu- 
ally holds  back  suspended  solids.  What  passes  through 
the  filter  is  called  the  filtrate. 

65.  Crystallization  from  Fusion.  —  A  solid  may  sep- 
arate in  crystalline  form  not  only  from  solution,  but  also 
ly  the  solidification  of  a  licpiid,  i.  e.,  from  fusion.  Thus, 
water  freezes,  and  molten  sulphur  solidifies,  in  crystal' 
line  form. 

Just  as  there  is  a  supersaturated  condition  of  some  so- 
lutions, owing  to  a  tardy  separation  of  dissolved  solids, 
so  there  is  a  superfused  condition  of  some  liquids, 
because  of  their  slow  assumption  of  the  solid  form  even 
at  temperatures  below  their  true  freezing  points.  Crys- 
tallization is  effected  in  the  same  way  in  both  cases,  viz., 
by  "  inocidation  "  with  a  crystal  of  the  solid. 

66.  Effervescence.  —  Gases,  like  solids  and  liquids, 
sepamte  from  solution  if  formed  in  a  solvent  unable  to 
hold  them.  Because  of  their  low  specific  gravity,  how- 
ever, gases  rise  to  the  top  of  the  solution,  and  thus 
escape  into  the  air.     A  liquid  evolving  a  gas  is  said  to 

effervesce. 
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The  action  of  zinc  on  dilute  sulphuric  acid,  for  example, 
causes  effervescence  of  the  dilute  acid,  owing  to  the  escape  of 
hydrogen.  Similarly,  "soda  water"  effervesces,  because  of 
liberation  of  carbon  dioxide  gas; 

67.  Exercises. 

1.  Why  do  subterranean  waters  contain  more  gaseous  sub- 
stances in  solution  than  surface  waters  ? 

2.  Why  is  it  that  insoluble  substances,  e.  [/.,  sand,  "  burnt" 
alum,  etc.,  have  no  taste  ? 

3.  Suggest  a  method  of  separating  a  mixture  of  potassium 
nitrate  and  sodium  chloride  so  as  to  recover  almost  all  of  the 
nitrate.     See  the  table  of  solubilities  in  §  59. 

4.  Wliy  does  "  spattering  "  take  place  in  the  evaporation  to 
dryness  of  a  solution  of  common  salt,  etc.  ? 

5.  How  could  you  separate  a  mixture  of  white  sand  and 
common  salt  so  as  to  recover  all  of  each  in  a  dry  condition  ? 

6.  Calculate  the  parts  per  cent  of  potassium  dichromate 
present  in  a  solution  containing  120  grams  of  water  and  15 
grams  of  the  dichromate. 
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water  to  determine  that  in  this  reaction  sodium  displaced  part 
of  the  hydrogen  of  water  to  form  sodium  hydroxide. 

72.  Equations  the  Result  of  Experiment. — Eqiia^ 

tions  mean  yiothing  unless  they  are  the  result  of  experiment. 
If  the  student  cannot  himself  prove  what  products  are 
formed  in  a  reaction,  he  must  depend  upon  some  trust- 
worthy source,  e.  ^.,  the  teacher  or  a  text-book,  for 
the  necessary  infonnation.  The  student  should  learn 
the  important  equations  given  from  time  to  time  in  the 
text,  not  by  rote,  but  with  appreciation  of  their  mean- 
ing. He  will  soon  find  that  the  number  of  equations 
that  must  actually  be  memorized  is  small,  for,  with  a 
few  typical  equations  as  a  basis,  a  large  number  of 
analogous  ones  can  readily  be  acquired. 

.  73.     Quantitative  Meaning  of  Sjnnbols  and  Equa- 
tions. —  The  equation 

Na  +  II2O >  NaOH  +  H 

means  to  the  chemist  much  more  than  has  been  stated 
in  §  10^  for  it  indicates  the  proportions  hy  weight  of  tlie 
reacting  substances  and  of  the  products.  We  can  give 
this  added  meaning  to  the  above  and  to  every  equation 
l)y  letting  the  symbol  of  each  element  represent  not 
only  the  element  in  general,  but  also  a  definite  mass  of 
it.  The  formula  of  a  compound  will  then  show  not 
only  what  elements  are  contained  in  the  compound,  but, 
VA  addition,  the  proportions  hy  weight  in  which  they  are 
nnited.     Finally,  if  we  assume  that  symbols  and  formu- 


SYMBOLS  AND   FORMULAS.  71 

las  stand  for  definite  masses  of  elements  and  of  com- 
pounds, respectively,  then  the  equation  for  evfrif  r»'ti'*tion 
tvill  represent  the  proportion  hy  weight  of  every  suhiftance 
entering  into  the  reaction. 

Thus,  the  equation 

Xa  +  HjO »  XaOH  +  H 

means  to  the  chemist  that  23  parts  by  weight  of  sodium  react 
with  18  parts  of  water  to  produce.  40  parts  of  so<lium  hydroxide 
and  1  part  of  hydrogen.  Of  course  the  proportions  will  be 
true,  whatever  units  are  used,  t.  6.,  with  pounds  and  tons  as 
well  as  with  milligrams  and  grams,  but  for  our  present  purpose 
we  will  let  symbols  and  formulas  represent  grants.  Xa  means, 
therefore,  23  grams  of  sodium,  and  HoO.  IS  grfnni<  of  water. 
Since  water  is  one-ninth  hydrogen  and  ei^ht-ninths  oxy<j:en.  1?^ 
grams  of  water  must  contain  2  grams  of  hydrogen  and  1<3  of 
oxygen.     O,  therefore,  means  16  grams  of  oxygen. 

74.  How  to  Represent  Multiples  of  Symbols  and 
Formulas.  —  In  the  formula  HgO,  Ilg  means  twice  the 
quantity  of  hydrogen  represented  by  H,  for  in  all  chemi- 
cal fonnulas  a  small  figure  written  after  and  slightly 
below  a  symbol  multiplies  the  quantity  represented  by 
the  symbol  immediately  preceding. 

The  formula  NaOH  means  40  grams  of  sodium 
hydroxide.  Of  the  40  grams,  23  are  sodium,  16  are 
oxygen,  and  1  is  hydrogen.  The  equation  thus  ac- 
counts for  every  gram  of  material  taken :  — 

Na  +  H^O ^  NaOH  +  H. 

23  + (2 +16)  (23+10+1)+.^ 
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If  we  multiply  the  quantities  taken  in  the  above  equatior. 
by  2,  the  relative  amounts  are  not  altered.     Thus  the  equatiof 

2  Xa  -|-  2  HgO »  2  XaOII  -|-  ITg  represents  all  the  facts  as 

well^  at  least,  as  the  simpler  equation. 

A  figure  written  before  a  formula  multiplies  the 
quantity  of  the  substance  represented  by  the  formula, 
just  as  the  small  figure  written  after  a  S3niibol  multiplies 
the  quantity  indicated  by  the  symbol. 

.  Therefore  2  Na  means  46  (=  23  X  2)  grams  of  sodium  ;  2 
HgO  means  36  (=2  [2  -{- 16]  )  grams  of  water  ;  2  XaOH  means 
80  (=2  [23-4- 16+  i]  )  grams  of  sodium  hydroxide  ;  and  Hg 
means  2  grams  of  hydrogen. 

It  often  happens  that  a  formula  contains  a  group  of 
elements  repeated  two  or  more  times.  Thus,  the  for- 
mula of   calcium  hydroxide  is  Ca(0H)2 ;  .it  may  also 

OH 
be    written   Ca02H2 ;  or,  better  still,  Ca^xr.     In    the 

first  of  these  formulas,  viz.,  Ca(OH)2,  the  small  figure 
written  after  the  parenthesis  multiplies  what  is  in  the  par^ 
enthesis  immediately  preceding^  just  as  if  the  symbols  in 
the  parenthesis  were  together  one  symbol.  Symbols 
which  are  grouped  together  in  this  way  are  called 
radicals. 

Other  examples  of  formulas  containing  radicals  are :  Cu- 
(^"03)2  for  cupric  nitrate,  and  Fe2(S04)3  for  ferric  siilphate. 
These  might  be  written  Cul»^2^6  and  Fe2  SgOj^j,  respectively, 
but  the  first  formulas  are  preferable  because  they  enable  us  to 
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see  that  the  compounds  are  derived  from  nitric  acid  and  sul- 
phuric acid,  HNOj  and  HjS04,  respectively,  while  the  second 
formulas  do  not. 

The  water  of  crystallization  present  in  many 'com- 
pounds is  represented  by  the  fonnula  of  water  (taken 
the  necessary  numher  of  times)  after  the  frjnniila  of 
the  compound.  Thus,  while  C'uSO^  stands  for  anhy- 
drous cupric  sulpliate,  blue  vitriol  lias  tlie  fonnula  Cu- 
SO4.  5  HgO  ;  crystallized  zinc  sulpliate  is  ZiiSO^.  7  H.^O : 
and  crystallized  sodium  sulphate  (Glaul^er's  salt^  w 
NagSO^.  10  HgO. 

75.  Combining  Proportions.  —  The  following  list 
gives  the  names  of  some  of  the  more  important  elenienis, 
and  tlie  proportions  hy  weigTit^  or  a  sal>-niultiple  of  them, 
in  which  tJiese  elements  un  ite  whe  n  tl ley  f on n  conipr j u  1 1  r I  s. 


Elemkmt. 

• 

• 

g 

CO 

^  5    ' 

K  X     i 

II! 
55  : 

Element. 

• 

S 

■ 

il 

•A  s 

5  r 

:    Zt 

Aluminoin. 

AL 

27.     , 

Man^neae. 

Mo. 

55. 

narium. 

Ba. 

137.      1 

Mercury. 

llg. 

Wi. 

Bromine. 

Br. 

SO. 

Nitrogen. 

X 

H. 

Calcium. 

Ca. 

40.    ; 

Oxygen. 

0. 

B. 

Carbon. 

c. 

12. 

rho»iihoruB. 

P. 

Z\. 

Chlorine. 

CL 

355 

rotafiaiuiii. 

K. 

Z'i. 

Copper. 

Cd. 

C3. 

silicon. 

M. 

•lA, 

Fluorine. 

Fl. 

1». 

'    Silver. 

^'£- 

10-. 

Ilyflrogen. 

H. 

1.       i 

Soiliiim. 

Ka. 

23, 

Iodine. 

I. 

127. 

Strontium. 

Sr. 

^. 

Iron. 

Fe. 

56.       1 

Suliiliur. 

S. 

3l'. 

Lead. 

Fb. 

W7. 

Tin. 

Sii. 

11". 

UagnealDin. 

Mg.  * 

1 

Zinc. 

Zn. 

65. 
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76.  The   Use  of  Combining    Proportions.  —  The 

derivation  of  the  combining  proportions  given  above  is 
of  great  importance  to  Chemistry ;  however,  it  depends 
upon*facts  which  we  are  not  ready  to  consider  at  this 
time.  For  the  present,  the  combining  proportions  given 
in  the  preceding  table  will  enable  us  to  use  equations^ 
forniulas^  and  symbols  quantitatively. 

Thus,  if  the  formula  MgO  is  given  to  the  compound  which 
magnesium  forms  when  it  burns  in  oxygen,  a  reference  to  the 
table  will  show  that  in  this  compound  magnesium  and  oxygen 
are  united  in  the  proportion  of  24  grams  of  magnesium  to  10 
grams  of  oxygen.  From  24  grams  of  magnesium,  therefore, 
we  can  get  40  grams  of  magnesium  oxide.  Again,  if  AlgOg 
represents  correctly  the  composition  of  aluminum  oxide,  the 
student  can  see  readily  that,  in  this  compound,  aluminum  and 
oxygen  are  combined  in  the  proportion  of  54  grams  of  alumi- 
num to  48  of  oxygen. 

The    equation   Zn  +  HgSO^ >  ZnSO^  +  H2  thus 

means,  as  the  result  of  a  simple  calculation,  that  G5 
gi'anis  of  zinc  react  with  98  gmms  of  sulphuric  acid  to 
give  IGl  gmms  of  zinc  sulphate  and  2  grams  of  hydro- 
gen. 

77.  How  a  Compound  of  Two  Elements  is  Named. 

—  A  compound  of  two  elementa  has  the  nume  of  each  ajh 
pearl ng  in  its  7iame^  but  the  last  syllable  of  the  name  of 
one  of  the  elements  is  changed  to  ide. 

Thus  sodium  chloride  is  a  compound  of  sodium  and  chlorine  ; 
nuKjnesium  oxide,  one  of  magnesium   and  oxygen  (here  the  y 
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before  the  ide  is  omitted)  ;  calcium  carbide^  oue  of  calt-iuiii 
aud  carbou  ;  and  lead  sulphide,  oue  of  lead  aud  sulphur. 

As  to  which  element  shall  have  the  ending  ide^  the 
rule  is  as  follows :  If  one  of  the  elements  is  an  un- 
doubted metal,  it  retains  its  full  name,  as  in  the  catJes 
given  above,  and  the  ending  of  the  non-metal  in  chmujed 
to  ide.  If  neither  is  a  metal,  as  in  the  case  of  a  et)ni- 
pound  of  sulphur  with  oxygen,  the  name  of  the  one 
having  the  smaller  resemblance  to  a  metal  is  changed  to 
ide.  Thus,  a  compound  of  sulpliur  with  oxygen  is 
called  sidphir  oxide,  but  one  of  sulphur  and  liydrogcn 
is  called  hydrogen  sulphide.  (X.  B.  Hydrogen  has 
certain  metallic  properties.)  If  both  elements  were 
metals,  the  same  rule  would  hold,  and  the  one  which 
possessed  the  less  charaderistically  metallic  properties 
woidd  liave  its  ending  changed  to  ide. 

78.  How  to  Distinguish  between  Compounds  of  the 

Same  Two  Elements.  —  If  there  is  more  than  one  com- 
pound of  the  same  tioo  elementL^  the  ending  of  the  less 
metallic  element  is  changed  in  each  case,  as  l)efore,  to 
ide,  but  the  compounds  are  distinguislied  from  one 
another  in  one  of  two  ways.     These  are,  — 

(1)  By  changing  the  final  syllable  of  the  more  metallic  (/.  e. 
electro-positive)  element ;  or, 

(2)  By  placing  a  prefix  before  the  name  of  the  less  metallic 
{i.e.,  more  electro-negative)  element. 
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By  the  first  method  the  ending  of  the  metallic  ele- 
ment is  changed  to  ous  or  ic^  as,  for  example,  in  the 
names  of  the  two  compounds  of  mercury  and  chloiine, 
which  are  called  mercur(?w«  chloride  and  mercunV  chlor- 
ide, respectively.  The  ending  ous  is  given  to  that  one 
of  the  compounds  which  contains  the  larger  proportion 
of  the  metallic  element  (here  mercury);  the  ending  ic^ 
on  the  other  hand,  to  the  one  containing  the  smaller 
proportion  of  the  metallic  element. 


Ous  means  in  chemical  phraseology,  as  in  ordinary  language, 
**full  of"  or  *' containing  much  of."  The  appropriateness  of 
the  names  for  the  two  compounds  of  mercury  and  chlorine  will 
be  seen  by  a  comparison  of  the  proportionate  amounts  of  the 
elements  in  the  two  compounds.  Thus,  mercurous  chloride, 
IlgCl,  has  200  parts  by  weight  of  mercury  to  35.5  of  chlorine, 
while  mercuric  chloride,  IlgClg,  bas  200  of  mercury  to  71  of 
chlorine.  The  larger  proportion  of  mercury  is,  evidently,  in 
the  mercurous  compound. 


In  the  case  of  some  elements,  e,  ^.,  copper  and  iron, 
the  Latin  names  are  used,  and  the  ending  is  applied  to 
these  i-atlier  than  to  the  English  names.  Thus,  the  two 
connuon  copper  oxides  are,  — 


(a)  CuproMs  oxide,  containing  copper,  G3  parts,  to  oxygen, 
8  parts  ; 

(6)  Cuprtc  oxide,  containing  copper,  G3  parts,  to  oxygen,  16 
parts. 
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Similarly,  iron  compounds  are  disnriZTnsi.e-i  bv  i}je 
names,  — 

(a)  Ferroiis  oxide,  chloride,  etc..  for  tL*-  coiiijp>Ti:j'i  ^  --rjUiiL,- 
ing  the  larger  proportion  of  ir«iii  :  aij«I 

(6)  Ferric  oxide,  chloride,  etc..  fvr  tli*:  oiir  C":-:ii::J:-.'  '.'-r 
smaller  proportion  of  iron. 

A  second  \\'ay  of  dLstinguLsiiina:  l^er.vefH  tw-i  ('..j 
more)  compounds  of  the  .««ame  two  eleiii»fiit*  i-  *.«•  '"^I'V-}' 
a  numerical  prefix  to  the  ^*jM'  /itH^nir  ^rleuj'.-Jj;.  ;i::'i  Vi 
leave  the  metallic  element  uncliaiigie'I.  Tsul-  ii.'r  j.^r.'j*.-- 
carlx)n  wi<>Moxide  and  carlxjn  dio\\*\*r  i\i>x\u'jn:'^].  \],*: 
two  compounds  of  carbon  and  oxygen  fniiu  tfi-jAi  r-^jjer. 

The  prefix  man  means  ••  one  "or  ••  fir*^x."  r*rf'.rr:ij;:  t-  xhh 
formula  CO,  while  di  niesLua  -two*'  or  ••  r*.-r;'.'ii«I.*'  Tizi-zTriii'jL 
to  the  formula  CO,. 

In  a  similar  Ti'ay  we  distinguish  .sulj»hnr  dlorid*.  >0.,. 
from  sulphur  trioxide^  SO3. 

79.  Exercises. 

1.  Calculate  the  percentage  conjjK^isitiori  «»f  -wlj.ljuri'-  a*  id. 
sodium  hydroxide,  manganese  dioxid<.'  (yiuO.^).  aij<I  jtotao-innj 
chlorate  (KCIO,). 

2.  AVhat  relative  quantities  of  the  sub^rtaiicf^  takr-n  and 
produced  are  indicated  in  the  equations. 

2  XaO, »  2  KCl  -f  .*{  r)„.  and 

2  K  +  2  ir,0 »  2  KOII  +  II3  ? 
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3.  What  quantity  of  hydrogen  could  be  obtained  from  the 
«<;tion  of  50  grams  of  potassium  upon  an  excess  of  water  ? 
^Y^'i\\.  Calculate  the  parts  per  cent  of  water  of  crystallization  in 
blue  vitriol,  in  Glauber's  salt,  and  in  gypsum,  CaS04.  2  HgO. 

^>What  weight  of  anhydrous  zinc  sulphate  is  contained  in 
^6  grams  of  the  crystallized  form,  ZnSO^.  7  H2O  ? 

6.  How   many  grams   of  phosphorus  must   be   burned  to 
produce  60  grams  of  phosphorus  pentoxide,  P2O6  ? 

7.  Name  the   compounds  having  the  formulas   CO,   CSg, 
ZnClj,  Hgl,  and  BaC,. 


CHAPTER  VI. 

CHLORINE. 

80.  Existence.  — Chlorine  is  a  lieaAy,  greenish-yellow 
gas,  of  irritating  odor  and  poisonous  proi>erties.  Jt  was 
discovered  by  the  Swedish  chemist  Scheele  in  1774, 
but  was  not  generally  considered  to  l>e  an  element  until 
1809. 

Because  of  its  great  reaativity^  i.  e.,  its  tendency  to 
act  chemically  with  other  substances,  cliloiine  is  not 
found  in  nature  free^  but  always  in  combination  with 
other  elements.  Its  most  abundant  compounds  are 
sodiimi,  potassium,  and  magnesium  clilorides  and  hy- 
drochloric acid,  which  is  hydrogen  cliloiide.  Sodium 
chloride  is  common  salt. 

81.  Common  Method  of  Preparation.  —  Chlorine  is 

usually  prepared  by  the  fiction  of  n^a^ent  hydio- 
chloric  acid  upon  manganese  dioxide.  Tlie  apparatus 
is  shoAvn  in  Fig.  19. 

A  flask  contaiiiing  manganese  dioxide  (MnOg)  in  Fiiiall 
lumps  is  provided  with  a  thistle  tube  and  a  delivery  tube,  luxl 
Is  supported  so  that  it  may  be  warmed  in  a  water  bath.  Con- 
centrated hydrochloric  acid  is  added  throufrh  the  thistle  tube, 
and  the  evolution  of  chlorine  beijjins.  Tlie  gas  is  allowed  to 
pass  through  awash  bottle  contahiin*^  a  little  water,  a  dnin«» 
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bottle  one-third  full  of  concentrated  sulphuric  acid  (a  TT-tuba 
of  calcium  chloridtt  may  be  used  ioBtead),  and  then  into  a  uol- 
lectin<;  bottle,  the  air  of  which  is  to  bn  displaced  by  chlorine. 
From  the  collecting  bottle  a  delivery  tube  reaches  beneath  the 
surface  of  a  solution  of  sodium  hydroxide,  which  absorbB  an; 


escaping  chlorine,  and  enables  us  to  know  when  the  air  In  the 

apparatus  has  been  displaced.  When  a  collecting  bottle  is  full 
of  chlorine  it  is  removed  and  stoppered,  and  replaced  by 
another  bottle  until  euougli  ^on  ba»  been  obt^ned.  The  bath 
of  hot  water  is  now  replaced  by  one  of  cold  water,  and  the 
evolution  of  chlorine  is  thus  s 


The  proportions  by  weight  of  the  factors,  i       ^ 
dioxide  and  bydrochloiic  acid,  and  of  the  produdx  re- 
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suiting  from  their  action  on  one  another  are  a«i  fol- 
lows :  — 

87  grams  manganese  dioxide  and  140  grams  hydrochloric 
acid  (in  aqueous  solution)  give  71  grams  chlorine,  120  grams 
manganous  chloride,  and  30  grams  water.  The  same  facts  are 
represented  by  the  equation, 

MnOg  +  4  HCl  =  MnCLj  +  2  IlgO  +  Clj. 

It  is  probable  that  the  reaction  takes  place  in  two 
stages,  and  that  manganese  tetrachloride,  Mn(Jl^,  is 
formed  first  and  then  breaks  down  into  manganous 
chloride  and  chloiine.  Equations  representing  these 
facts  are :  — 

(1)  MnOg  +  4  HCl  =  MiiCl^  +  2  IIjO. 

(2)  MUCI4  =  MnClg  +  Clg. 

The  final  result,  in  any  case,  is  that  shown  in  the 
equation  given  above. 

Instead  of  manganese  dioxide  and  hydrof^hloric  acid, 
a  mixture  of  common  salt,  manganese  dioxide,  and  sul- 
phuric acid  is  often  used.  The  result  is  approxirnatcily 
the  same,  however,  for  common  salt  and  sulphuric  acid 
give  by  their  action  hydrochloric  acid. 

82.  Other  Methods.  —  Manganese  dioxide  is  not  the 
only  substance  that  will  Ulcerate  chloiine  from  hydro- 
chloric acid ;  potassium  dichromate^  K2Cr20^ ;  poinHHiiun 
chlorate^  KClOg;  nitric  aeid^  HNO3,  and  many  othei 
substances  will  do  it. 
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water  bath  to  30°  C,  while  the  other  end  is  surrounded  by  a 
freezing  mixture  of  ice  and  salt^  After  a  short  time,  liquid 
chlorine  will  condense  at  the  drawn-out  end.  The  gas  has 
been  liquefied  by  its  own  pressure.  This  experiment  can  be 
carried  out  only  in  a  strong  tube  securely  sealed. 

Liquid  chlorine  is  an  article  of  commerce ;  it  is  stored 
and  transported  in  iron  cylindei's. 

84.  Chemical  Properties.  —  Chlorine  is  a  very  dan- 
gerous substance  to  inhale,  and  should,  therefore,  be 
generated  only  in  a  gas  chamber,  or  where  there  is  a 
good  draught.  If  it  has  been  taken  into  the  lungs, 
alcohol  or  ammonia  should  be  inhaled  to  counteract  it. 

It  is  always  well  to  sprinkle  a  little  ammonia  water  about  in 
the  neighborhood  of  a  chlorine  generator. 

Chlorine  is  intensely  active  toward  many  other  ele- 
ments, forming,  by  direct  union  with  them,  the  chlorides. 
Many  substances  that  combine  with  oxygen  slowly,  or 
not  at  all  at  ordinary  temperatures,  unite  readily  with 
chlorine.  Powdered  antimony  and  copper  foil  (the  lat« 
ter  must  be  hot)  glow  when  put  into  chlorine,  the  prod- 
ucts being  antimony  trichloride  (SbClg)  and  cupric 
chloride  (CuCl.^)  respectively.  Sodium,  tin,  magne- 
sium, and  phosphorus  all  give  corresponding  chlorides 
when  put  into  the  gas.  But  it  is  toward  hydrogen  that 
chlorine  shows  its  most  remarkable  behavior,  for  while 
the  two  gases  do  not  combine  at  all  in  the  dark,  and 
only  very  slowly  in  diffused  light,  yet  they  unite  with 
explosive  violence  in  sunlight. 
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The  mixture  of  hydrogen  and  chlorine  may  also  be  explrxled 
by  a  burning  match  or  by  the  electric  spark. 

Chlorine  shows  this  tendency  to  comlrine  with  hydro- 
gen not  only  when  the  hydrogen  is  in  the  free  state,  hut 
also  when  it  is  united  witli  other  elements.  As  illus- 
trations we  may  take  the  action  of  chlorine  toward 
water,  ammonia,  and  turpentine. 

85.  Action  of  Chlorine  and  Water.  —  The  aqueous 

solution  of   chlorine  may  be  preserved  for  a  lon<^  time  if 
kept  cold  and  in  the  dark,  but  it  decomposes  rapidly  in  sun- 
light, giving  as  final  products  hydrochloric  acid  and  oxy- 
gen.    The  equation  is :  — 
2H2OH-2CI, »4IIC1  + 


O2.  (See,  however, "  bleaching 
powder.")  If  the  decomposition 
of  chlorine  water  by  sunlight 
is  carried  out  in  a  long  tube 
(Fig.  21),  a  colorless  gas  will 
collect  in  the  upper  part  of  the 
tube.  The  gas  is  oxygen.  Much 
of  this  gas  will  also  be  found 
in  the  solution. 


Oxygen 


Chlorine  Water 


Chlorine  Water 


Fig.  '21. 


86.  Action  of  Chlorine  and  Ammonia.  —  When  the 

hydrogen  of  ammonia  is  appropriated  by  chlorine,  liy'lro- 

chloric  acid  and  nitrogen  are  formed,  as  represented  by  the 

equation, 

2  NH3  -I-  3  CI2 »  0  TTCl  H-  Xo. 

With  the  excess  of  ammonia  the  hvdroehloric  acid  gives 
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ammonium  chloride^  NH^Cl,  the  material  of  the  white  smoke 
seen  when  ammonia  and  chlorine  gases  come  together. 

87.  Action  of  Chlorine  and  Turpentine. — The  behav- 
ior of  chlorine  and  turpentine  may  be  shown  by  immers- 
ing a  piece  of  filter  paper  in  warm  turpentine  and  then 
plunging  it  into  a  jar  of  chlorine.  The  turpentine  soon 
ignites,  and  burns  with  a  smoky  flame.  Turpentine  is  a 
compound  of  carbon  and  hydrogen,  and  the  chlorine,  l)y 
uniting  with  some  of  the  hydrogen,  but  not  with  the  car- 
bon, sets  the  carbon  free  in  the  form  of  a  dense,  black  smoke. 

88.  Uses  of  Chlorine.  —  Cldorine  is  used  in  large 
quantities  as  a  bleaching  and  disinfecting  agent,  and 
is  generally  made  for  these  purposes  from  bleaching 
powder^  or  "  chloride  of  lime."  Bleacliing  powder  is  a 
white  substance  fonned  by  the  action  of  chlorine  upon 
"slaked"  lime  (calcium  hydroxide),  and  is  easily  de- 
composed by  acids,  even  by  the  carbon  dioxide  of  the 
air,  with  evolution  of  chlorine.  Fabrics  to  be  bleached 
by  the  chlorine  process  are,  therefore,  immersed  in  a 
l)ath  of  dilute  acid,  and  then  in  one  of  chloride  of 
lime.  In  this  way  cldorine  is  set  free  in  immediate  con- 
tact with  the  coloring  matter  of  the  cloth^  and  bleaches  it. 

Chlorine  is  not  a  bleaching  agent  ordinarily,  unless  water  is 
present,  hence  it  is  likely  that  chlorine  itself  does  not  act  upon 
tlie  coloring  matter,  but  upon  tlie  water.  As  a  result,  oxygen 
is  probably  set  free ;  and  it  is  oxygen^  and  not  chlorine,  that 
bleaches  the  cloth.  Since  ordinary  oxygen  is  not  able  to  effect 
this  change,  we  assume  that  oxygen  at  the  instant  of  its  libera- 
tion from  water  is  in  a  condition  dilTerent  from  that  in  which 
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we  ordinarily  find  it.  AVe  say  that  it  is  in  a  miiiccut  condition. 
The  reason  for  the  peculiar  behavior  of  an  element  in  its  nas- 
cent state  will  be  given  later. 

Compared  with  the  old  bleaching  process,  which  con- 
sisted ill  exposing  the  fabric  to  the  oxidizing  agents  of 
the  air,  the  chlorine  method  is  of  coui>>e  very  rapid, 
but,  unfortunately,  the  bleacliing  agent  used  too  often 
attacks  the  fiber  of  the  cloth  as  well  as  its  coloring 
matter.  Hence  delicate  materials,  such  as  the  better 
grades  of  straws,  laces,  silks,  and  woolens,  are  usually 
decolorized  by  sulphur  dioxide^  wliicli,  althougli  it  does 
not  bleach  so  permanently  as  chlorine,  has  yet  the  ad- 
vantage of  acting  less  upon  the  fabric. 

The  action  of  chloride  of  lime  as  a  disinfectant  is 
similar  to  its  action  as  a  bleacliing  agent :  nancrnl  or//- 
(/en  is  formed,  and  this  destroys  the  micro-organisms  of 
the  surrounding  air. 

89.  Exercises. 

.  How  many  grams  of  chlorine  can,  theoretically,  bo  ol)- 
tained  by  the  electrolysis  of  50  grams  of  hydrochloric  acid  ? 

.  How  many  grams  of  manganese  dioxide  arc  reciuircd  to 
give  with  an  excess  of  hydrochloric  acid  10  grams  chlorine  ? 

3.  AVhat  will  be  the  volume  of  40  grams  chlorine  under  con- 
ditions at  which  1  liter  of  hydrogen  weighs  0.01)  gram  ? 

4.  How  much  silver  chloride,  AgCl,  can  be  formed  hy 
burning  54  grams  silver  in  chlorine  gas  ? 

5.  Calculate  the  per  cent  of  chlorine  in  sodium  chloride. 

6.  How  many  liters  of  chlorine  can  ])c  made  by  the  action 
of  25  grams  of  manganese  dioxide  with  an  excess  of  hydro- 
chloric acid  ?    (Assume  that  1  liter  of  chlorine  weighs  3  grams.) 


/give 
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HYDROCHLORIC  ACID. 

go.  Existence.  —  [lyiLiochloric  acid  gas  is  colorless 
aiul  lieavy,  fumes  in  moist  iiir,  and  dissolves  readily  in 
wtttei".  It  is  found  iu  only  small  amounts  in  nature,  e,  g., 
in  volciinie  gases  and  in  some  springs.  It  makes  up 
about  0.22  of  1%  of  the  gastric  juice. 

91.  PreparatioD:   Common  Laboratory  Method. — ■ 

Hydrociiloric  acid  may  be  prepared  readily  by  the  action 
of  sulphuric  acid,  H^SO,,  upon  common  sal^  NaCl. 
The  apparatus  is  shown  in  Fig.  22. 


FlQ.  22. 

The  flask  contains  coiiimun  Kxlt  »ii<l  sulphuric  acid  diluted 
with  half  its  volume  of  watur,  and  cooled.     (Cautionl.Jn  di- 
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luting  sulphuric  acid  we  always  pour  the  arid  into  the  vmter.) 
A  hot-water  bath  serves  to  heat  the  fla«k.  The  first  bottle 
contains  concentrated  sulphuric  acid  to  dry  the  gii8,  and  the 
second  bottle  is  the  collecting  vessel.  A  ])eaker  of  wator 
collects  any  escaping  gas  and  shows  when  the  gas  in  the  col- 
lecting bottle  is  free  from  air. 

The  reaction  between  common  salt  and  sulphuric  acid 
takes  place  according  to  the  equation, 

NaCl  +  II2SO4 »  XaIIS(  )^  +  IICl ; 

that  is  to  say,  58.5  grams  of  sodium  chloride  and  98 
grams  of  sulphuric  acid  give  120  grams  sodium  hydro- 
gen sulpliate  and  36.5  gmms  hydrochloric  acid.  If 
there  is  an  excess  of  sulphuric  acid,  the  sodium  chloride 
is  all  used  up,  and  the  wldte  solid  which  crysttdlizcjs  in 
the  generating  fliisk  when  the  latter  cools  is  sodium 
hydroijen  sulphate. 

92.  Commercial    Manufacture  of  the    Acid.  —  In 

the  first  stage  of  the  manufactui-e  of  sodium  carbonate 
(soda)  by  the  "Le  Blanc"  process,  sodium  chloride  is 
treated  with  sulphuric  acid,  with  the  results  illusti-jitc^l 
by  the  equation  just  given.  Since,  however,  sodium 
sulphate  (NajSO^)  and  not  sodium  hydroijen  sulphnte  is 
the  product  wanted,  the  sodium  hydrogen  sulphate  is 
converted  into  sodium  sulphate  by  heating  it  with  moie 
sodium  chloride  to  a  high  temperature.  The  reaction 
which  then  takes  place  is  represented  thus :  — 

NaCl  +  NallSO^ »  ^^SO^  +  IICl. 

58.5  g.    120  g.  142  g.    3G.5g. 


90  HYDROCHLORIC  ACID. 

Prom  this  we  see  that  the  hydrogen  of  sulphurie  acid^ 
hke  that  of  water,  may  be  replaced  in  two  stages ;  for 
while  at  low  temperatures  only  58.5  grams  of  sodium 
chloride  react  with  98  grams  of  sulphuric  acid,  at  a  high 
temperature  a  second  quantity  of  sodium  chloride,  equal 
to  the  fii*st,  is  able  to  react,  and  thus  produces  a  second 
(juantity  of  hydrochloric  acid.  Tliis  will  be  more  evi- 
dent when  the  two  equations  are  written  together :  — 

(1 )  NaCl  +  "  >  SC)4 »  g^  >  SO,  +  HCl. 

(2)  NaCl  +  ^^  >  SO, »  '^l  >  SO,  +  HCl. 

The  hydrochloric  acid  formed  as  a  by-product  in  the 
soda  manufacture  is  conducted  into  water,  and  the  solu- 
tion is  sold  as  covimercud  hydrochloric  or  muriatic  acid. 
It  is  usually  colored  l)y  slight  impurities. 

93.  Physical  Properties.  —  Hydrochloric  acid  is 
about  li  times  as  heavy  as  air,  and  18i  times  as  heavy 
as  hydrogen.  It  is  very  soluble,  505  c.c.  being  held  by 
1  c.c.  water  at  0°  C.  and  760  mm.  pressure.  The  con- 
centrated solution  of  the  pure  gas  in  distilled  water  at 
the  ordinary  temperature  is  the  "  chemically  pure  "  (c.  p.) 
reagent  hydrocldoric  acid.  This  is  a  colorless  liquid 
of  specific  gravity  1.2  (Water  =  1).  The  concentrated 
solution  of  hydrochloric  acid/?f/?u^«  strongly  in  moist  air 
l)ecause  the  escaping  gas  condenses  some  of  the  water 
vapor  of  the  air. 
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The  dn'  gas  caii  be  converted  into  a  colorless  liquid  at  a  low 
temperature  and  great  pressure. 

94.  Volumetric  Composition  of  Hydrochloric  Acid. 
—  The  composition  of  hydrochloric  acid  may  1)0  demon- 
strated in  the  same  way  as  that  of  water,  viz.,  by  electrol- 
ysis.    If  an  electric   cur- 
rent of  snfBcient  strength 
is  passed  through  a  concen- 
trated aqueous  solution  of 
the  acid,  hydrogen  is  pro- 
duced at   the  —  electrode, 
and  chlorine  at  the  -|-  elec- 
trode. 

The  gases  collect  at  un- 
equal rates,  at  first,  because 
of  the  greater  solubility  of  the 
(chlorine  ;  but  when  the  liquid 
has  become  saturated  with  both  • 

gases  the  hydrogen  and  the  chlorine  gather  in  th(»  collecting 
tubes  at  the  same  rate.     See  Fig.  28. 

Therefore  hydrochloric  acid  gas  must  l)e  composed  of 
hydrogen  and  chlorine  united  in  equal  proportion  h  hjj 
volume. 

The  same  fact  may  be  proved  synthetically,  for  if  a 
mixture  of  hydrogen  and  chlorine  be  exploded,  it  will 
be  found  that  equal  volumes  of  the  two  gases  have  dis- 
appeared. The  volume  of  hydrochloric  acid  fonned 
will  be  equal  to  the  sum  of  the  uniting  gases.  These 
facts  may  be  represented  graphically  as  follows :  — 


Fk;.  23. 
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D  +  D        — »        ED 

1  vol.  hydrogen.  1  vol.  chlorine.      2  vols,  hydrochloric  acid. 

Note  that  this  case  is  different  from  that  of  water ;  for,  in 
the  production  of  2  volumes  of  steam,  2  volumes  of  hydrogen 
united  with  1  of  oxygen,  i.  e.,  3  volumes  of  the  mixed  gases 
gave  only  2  volumes  of  the  product. 

Since  the  weights  of  equal  volumes  of  hydrogen  and 
chlorine  are  about  as  1  :  35.5,  the  two  volumes  of  hydro- 
chloric acid  formed  by  their  union  should  be  about  36.5 
times  as  heavy  as  one  volume  of  hydrogen.  Hence  hy- 
drochloric acid  should  be  about  18.25  (z=  36.5 -^  2) 
times  as  heavy  as  hydrogen.  This  is  actually  the  case. 
That  hydrochloric  acid  gas  gives,  when  decomposed, 
one-half  of  its  own  volume  of  hydrogen,  may  be  shown 

by  the  action  of  sodium.  For  con- 
venience the  sodium  is  diluted  by 
alloying  it  with  mercury. 

A  small  amount  of  the  resulting:  sodium 

^  amalgam  is  put  into  a  long  measuring  tube 

(Fig.    24)   full  of  hydrochloric  acid  gas. 

The  open  end  of  the  tube  is  then  closed 

with  the  thumb,  and  the  tube  is  shaken 

Sodium  Amalgam  vigorously.     AYlien  the  thumb  is  removed 

thumb  under  water,  some   of   the  water   rushes 

Fig.  24.  ^P  ^^^^^  ^^^^  *'^^^^^  ^^  replace  the  chlorine. 

If  the  water  inside  and  outside  the  tube 
is  now  brought  to  the  same  level,  the  volume  of  the  residual 
hydrogen  will  be  found  to  be  approximately  one-half  that  oJ 
the  hydrochloric  acid  taken. 


r\ 
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95.  Acid  Properties.  —  In  addition  to  the  propcjrticB 
already  given,  hydrochloric  acid  (i,  ^.,  the  a([ueous  hoIu- 
tion  or  the  moist  gas)  has  the  characteristicH  of  a  special 
class  of  substances  called  acids.  Acids  may  Ikj  de- 
scribed roughly  as  having  a  sour  (acid)  taste^  the  a))ility 
to  change  ceii:iiin  vegetable  colors,  e.g.,  fduti  or  jmrpk 
litmus  to  red^  and  also  the  power  to  neutralize  the;  j)rop- 
erties  of  anotlier  class  of  substances,  viz.,  the  bases. 
Thus  the  action  of  hydrochloric  acid  upon  sodium  ////• 
droxide  (a  base)  gives  sodium  chloride  (coinmon  salt) 
and  water.  Metals^  too,  react  with  acids,  forming  salts. 
Thus,  zinc  with  hydrochloric  acid  gives  zinc  chloride 
(a  saW)  and  hydrogen. 

These  reactions  are  shown  in  tlie  equatiouH, — 

NaOII  +  IICl »  Xa(;i  + 11,0,  and 

40  36.5  5H.5        18 

Zn  +  2  IICl  -:— ♦  ZnCl^  +  11.,. 
65         73  130  2 

The  properties  of  acids,  bases,  and  salts  will  ha  va}\\h\i\os(h\  in 
the  next  chapter. 

Hydrochloric  acid  is  one  of  the  most  important  acids. 
It  is  made  on  a  large  scale,  and  is  used  in  enormous 
quantities  to  prepare  chlorine  and  chlorides. 

96.  Chlorides.  —  The  chlorides  may  all  1x3  considcntd 
hydrochloric  acid  with  its  hydrogen  rejtlared  If//  a  wrtnl ; 
the  acid  itself  is  often  called  hydrogen  chloride.  'I'he 
most  important  chlorides   liave   Ixjen   given  in    §  80 ; 
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othei's  are  harium  chloride j  BaClg,  silver  chloride j  Ag(^l, 
and  ferric  chloride^  FeClg.  The  most  abundant  chlo- 
lide  is,  of  coui*se,  common  salt,  NaCl. 

The  clilorides  of  most  of  the  coinnion  metals  are  soluble  in 
water.  Exceptions  are  silver  chloride ,  AgCl,  and  mercuronH 
chloHdey  llgCl.  Lead  chloride^  l^hClg,  is  only  slightly  solu- 
ble in  cold  water,  but  more  readily  in  hot  water. 

When,  therefore,  solutions  of  salts  of  silver,  lead, 
and  mercury  (in  its  mercuroi*«  condition)  are  treated 
with  a  solution  of  a  cliloride,  the  chlorides  of  these 
metals  are  precipitated. 

97.  Exercises. 

1.  /JOO  c.c.  of  hydrogen  and  250  c.c.  of  chlorine  were  mixed 
and  exploded.  What  was  the  product  ?  Its  volume  ?  Which 
of  the  gases  used  was  in  excess  ?     How  much  ? 

2.  Calculate  the  percentage  composition  of  hydrochloric 
fR'id  ? 

3.  How  many  grams  of  sodium  chloride  are  needed  to  yield, 
with  sulphuric  acid,  20  grams  hydrochloric  acid  gas  ? 

4.  ITow  many  grams  hydrochloric  acid  can  be  made  from  J35 
grams  i)otjisshmi  chloride,  KCl  ? 

5.  AVhat  weight  of  sodium  chloride  is  necessary  to  produce, 
with  sulphuric  acid,  20  liters  of  hydrochloric  acid  gaa  when  1 
liter  of  hydrochloric  acid  gas  weighs  1.C3  grams  ? 
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CHAPTER   VIIT. 

ACIDS,   BASES,   AND  SALTS. 

98.  Acids.  —  In  all  of  our  study  of  Clieiuistry  we 
shall  have  to  deal  constantly  with  liodies  Vfehm^uh^  U 
the  classes  acids,  bases,  or  salts,  I^et  us  iirst  consich'r 
some  of  tlie  acids.  One  of  these,  viz.,  lujdrovhlnr'u'. 
acidy  we  have  already  studied  at  some  length;  other 
important  acids  are  nitric  acid,  sulphuric  acid,  acetic  acid, 
and  tartaric  acid.  Only  a  short  description  of  these 
will  he  given  here. 


Kitric  acid,  IIXO3,  is  a  colorless  liquid.  Tt  ordinarily 
has  a  sharp  odor  and  is  very  corrosive  in  coiiceiiti'ated  foi  m. 
It  turns  the  skin  yellow.  A  dilute  solution  of  nitric,  arid  is 
sour,  turns  blue  litmus  and  neutral  litnnis  j>ink,  decomposes 
carbonates,  e,  g.,  marble,  or  calcium  carbonate,  and  acts 
upon  many  metals. 

^alpharic  acid,  II2SO4,  is  a  heavy,  oily  liquid  which  dis- 
solves in  water  with  the  evolution  of  much  heat.  It  chars 
organic  substances,  and  therefore  l)econies  dark  coh>r(Ml 
when  exposed  for  a  time  to  the  dust  of  the  air.  Its  dihite 
solution  has  a  sour  taste,  and  acts  u])on  litmus  and  carbon- 
ates as  nitric  and  hydrochloric  acids  do.  With  many  metals 
dilute  sulphuric  acid  gives  sulj)hates  and  hydrogen. 

Acetic  add,  HCglljOo,  is  a  colorless,  sharj»-smellin<; 
Liquid.     Like  the  other  acids,  it  has  a  soin*  taste,  acts  upon 

us 
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litmus,  and  decomposes   carbonates.     Vinegar  is    a  dilute 
solution  of  acetic  acid. 

Tartaric  acid,  II2C4II4O6,  is  a  white,  crystalline  solid, 
soluble  in  water.  Its  solution  has  properties  similar  to 
those  of  the  other  acids. 

All  of  the  acids  named,  except  hydroehlorie  acid, 
may  be  looked  upon  as  water  joined  to  an  oxide.  The 
oxide  is  called  the  anhydride  of  the  acid. 

Thus  nitrogen  pentoxide,  NgOg,  is  the  anhydride  of  nitric 

acid,  for 

X2O,  +  ILp  =  2  IINO3. 

Similarly,  sulphur  trioxide,  SO3,  is  the  anhydride  of  sulphuric 
acid. 

The  most  important  property  of  all  acids  is  their 
power  of  reacting  with  the  hydroxides  of  metals. 
When  a  solution  of  any  of  the  above  acids  is  treated 
with  a  solution  of  a  metal  hydroxide,  e,  g,,  sodium  hy- 
droxide, an  evolution  of  heat  takes  place,  and  if  the 
correct  amount  of  sodium  hydroxide  is  used,  the  taste 
of  the  acid,  its  pozvcr  to  change  litmus,  and  to  act  upon 
carbonates  and  metals,  will  all  disappear.  The  acid  has 
been  neutralized  by  the  sodium  hydroxide. 

99.  Bases.  —  The  general  properties  of  sodium  hy- 
droxide and  its  relation  to  water  have  already  been 
given  {cf.  §  46). 

/Sodium  hydroxide,  NaOTI,  is  a  white  solid  which  at- 
tracts moisture  and  carbon  dioxide  from  the  air,  and  thus 
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becomes  converted  into  sodium  carbonate.  Its  sohition 
changes  pi7ik  and  neutral  litmus  to  blue^  feels  soapf/  to  tlie 
touch,  and  has  a  hitter^  alkaline  taste. 

Potassium  hydroxide^  KOI  I,  resenil^les  sodium  liydrox- 
ide  closely;  Its  aqueous  solution  has  pro2>erties  almost 
identical  with  those  of  sodium  hydroxide. 

Ainmoniuin  hydroxide^  NII4OII,  is  not  known  in  the 
free  condition.  Its  aqueous  solution  smells  strongly  of  ant- 
7iionia^  owing  to  the  constant  evolution  of  this  gas,  but  its 
reaction  to  litmus,  etc.,  is  much  like  that  of  sodium  and 
potassium  hydroxides. 

Calcium  hydroxide^  Ca(OII)2,  is  a  white  solid  made  by 
adding  the  necessary  amount  of  water  to  qaicklhna^  CaO. 
Calcium  hydroxide  is  slightly  soluble  in  water ;  the  solution 
is  called  lime-water. 

J^ariwn  hydroxide^  Ba(0II)2,  is  much  more  soluble  than 
calcium  hydroxide.     Its  solution  is  called  baryta  tratar. 

All  of  these  hydroxides,  and  many  more,  are  grouped 
together-  under  the  general  name,  hast'S.  'I'Ikj  most 
active  bases  are  sodium  and  potassium  hydroxidcjs, 
which,  with  ammonium  hydroxide,  are  called  alkalies. 

As  has  already  been  stated  (r/.  §47),  Imlroxides  may  1)0 
looked  upon  as  water  with  half  of  its  liydro;<(;n  r('])lacfMl  by  a 

metallic  element.     This  is  true  of  calcium  hvdroxide,  having 

OH 
the  formula  CaQxr,  no  less  than  of  sodium  liydroxido,  XaCJlI. 

OH 

The  formula  CaQTT,  however,  must  be  thoui^ht  of  as  derived 

r  TT  QTT  Oil 

from  2  HjOj'or^  tt       r\jT.     Similarly,  the  formula  FoOII  or 
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rllOH 
Fe(0H)3,  for  ferric  hydroxide,  is  derived  from  )  HOII  by  re- 

(HOH 

placing  half  of  the  hydrogen  there  represented  by  Fe. 

100.  Neutralization.  —  A  comparison  of  the  formu- 
las of  the  hydroxides  named  will  show  that  they  all  con- 
tain  the  group  OH  (called  hydroicyl)  taken  one  or  more 
times.  On  the  other  hand,  the  formulas  of  the  acids 
show  that  the  acids  all  contain  hydrogen,  taken  once, 
twice,  etc.,  in  each  formula.  Furthermore,  the  neutrali- 
zation of  acids  by  bases  produces  salts  and  water^  as  is 
shown  by  the  following  equations :  — - 

:N^a01I  +  IICl  =  NaCl  +  IlgO. 

KOII  +  HCl  =  KCl  -f  H2O. 

2  KOH  +  HaSO^  =  KgSO^  +.2  HgO. 

2  NH^OII  +  II36P4  =  (NH  J2SO4  +  2  H2O. 

NH^OH  +  IINOa=  NH^NOg  +  HgO. 

Ca(0H)2  +  H2SO4  =  CaSO^  +  2  HgO . 

Ba(0H)2  4-  2  HCl  =  BaClg  +  2  HgO. 

The  neutralization  of  properties  which  takes  place 
when  a  basic  hydroxide  and  an  acid  are  brought  to- 
gether thus  consists  in  the  union  of  the  hydrogen  of  the 
acid  with  the  hydroxyl  of  the  base  to  form  water.  The 
metal  of  the  hydroxide  and  all  hut  the  hydrogen  of  _ the 
acid  are  found,  on  evaporation  of  the  water,  combined 
in  the  resulting  salt. 

The  formula  of  an  acid  minus  the  replaceable  hydro- 
gen is  called  the  acid  radical. 
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loi.  The  Action  of  Oxides  with  Acids.    -11  le  r»x 
Ides  of  the  metals,  like  the  hydroxides,  rea<-l  with  a<ids 
to  fonn  salts  and  water.     Thus,  the  eciuaiioii 

CaO  +  2  IlCl  =  CaCl,  -f  Il,() 

might  represent  the  reaction  Ijetween  calcium  oxide  and 
hydrocliloric  acid,  just  as  the  equation 

Ca(0H)2  +  2  11(1  =  CaCl^  +  2  II,( ) 

represents  that  between  calcium  hydroxide  and  the  acid. 
The  only  difference  is  that  the  second  ctj nation  shows 
twice  as  much  water  as  the  fii*st.  This  is  because  the 
hydroxide  is  the  oxide  plus  water. 

It  is  probable,  however,  that  the  oxides  of  the  iintjils  n-iu-l 

with  acids  only  in  the  presence  of  water.     If  tliis  is  so.  wi- 

' must  assume  that  it  is  the  hydroxide  that  reacts,  and  imt  tli<* 

oxide.     The  action  of  calcium  oxide  upon  aqueous  hydrochloric 

acid  would,  therefore,  be  represented  thus:  — 

(1)  CaO  +  ILO  =  Ca(()II),. 

(2)  Ca(0H)2  +  2  TICl  =  CaCl,  +  J  11,0. 

For  the  same  reason  the  action  of  sodium  oxide  upon  sul- 
phuric acid  would  be  represented  thus:  — 

(1)  Na^O  +  ILO  =  2  XaOlI.. 

(2)  2  NaOH  +  lIoSO,  =  Xa,S(  > ^  +  J  J  I,( ). 

102.  Salts.  —  Salts  may  Ije  looked  upon  as  acltJn  in 
which  hydrogen  has  been  replaced  h/  metals.  I>y  no 
means  all  of  the  hydrogen  of  many  acids  is  replacca])le 
by  metals,  but  when  all  that  can  l)e  has  ])oen  rc^placed,  the 
resulting  substance  is  called  a  normal  salt.     The  normal 
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salts  formed  by  such  strong  acids  as  sulphuric  acid, 
nitric  acid,  and  hydrochloric  acid  with  such  electro- 
positive metals  as  sodium,  potassium,  and  the  group 
ammonium,  are  neutral  in  their  properties,  i.  e.,  they  will 
not  turn  blue  litmus  red,  nor  red,  blue,  but  will  pro- 
duce in  sensitive  litmus  a  characteristic  lavender  color. 
The  taste  of  such  salts  resembles  that  of  common  salt. 

But  a  salt  may  be  normal  without  being  neutral.  Thus,  so- 
dium carbonate  is  a  normal  salt,  but  the  reaction  of  its  solution 
toward  litmus  is  that  of  a  base.  Ferric  sulphate  solution,  on 
the  contrary,  has  an  acid  reaction. 

103.  Acid  Salts.  —  In  many  cases,  the  hydrogen  of 
the  acid  is  replaceable  by  metals  in  two  or  more  stages 
(jyf,  §  92) ;  hence  there  may  be  two  or  more  salts  formed 
by  the  acid  with  the  same  basic  hydroxide.  The  following 
equations  illustrate  this :  — 

KaOIT  +  II2SO4  =  KaHSO^  -\:  IlgO. 
2  XaOII  +IIoSO^  =  KagSO^  +  2  HgO. 
KOIT  +  IT2CO3  =  KTICO3  +  H2O. 
2  KOII  +  iloCOg  =  K2CO3  +  2  H2O. 

The  substance  NallSO^  is  sodium'  hydrogen  sulpJiate, 
while  NagSO^  is  sodium  sulphate.  Similarly,  KHCO3  ^^ 
potassium  hydroyen  carbonate,  but  KgCOg  is  potassium 
carbonate. 

The  salts  in  wliich  there  is  still  replaceable  hydrogen 
are  called  acid  salts.  Acid  salts  may  usually  be  con- 
verted into  normal  salts  by  the  addition  of  enough  of 
the  hydroxide  to  replace  all  the  replaceable  hydrogen, 


£A^r7  -_i_ir'  1   1 

and,   converselv,  norrriial  ^^i-*   -j^.  -     ^        .  - .  -  - 
acid  salts  b\-  treirn.^:!:  — _:..  :_*—  ...      7  .   .     — 

Xaiioj.  —  y .  ;:  = :  T       ~  . 

*  —  - 

^       - 

So,  also.  yiLS4>^  —  lij^   _  =  -.':.">• 

Solutions   of   acid   jsili-?  :-;i-r    "- 
towaitl    litmus,  but  z..'  il- . ;  - :   :  :   -   - 
sometimes   be  'd^i'TJu.^.    .•    ^l   ":-     .. - 
drogen   earlxmaie  ar.d    11- •-.....  _ 

Na^HPO^. 

104.  Basic  Salts. — A  -..1:  :..-    •. 

two  points  of  .view.  eitL-r:  •  1      ..-  . 

of  which  has  Ijeen  rei-Li-r-I  ";■.:■•...     •     . 

dr oxide   A\'ith  its  livdi-.-xvl   ■  «  >:I  - 

metallic    element    or  I'V    ai.    .   !  .    : .  .    ' 

m 

Thus  sodium  chlori^le.  N.-/.  L  :..;►:.     • 
hvdrocldoric  acid,  HCl.  -a:.}.  ':.-':   1: 
dium,  or  as  sodium  hvdr.ixM-r.  X.<  ';;. 
replaced    by    chlorine.     >::j::1..:-   . 
CaClg,  is  calcium  hydroxide.  T  .;»*»] J   ..      :  •    :  \ 
replaced  by  chl orine ;  and  0 ■»:::: ::   -!•:./-.  ^   .  ^ '  •  _ .  "  - 
calcium  hydroxide  with  livdioxvl  :-;■'.  .  •-        v  -■  - 
radical  SO^.     Xow,  just  as  va   ^  ;>:/;::'    ;;  :   .   iL><  »  . 
the  hydrogen  may  lie  replaced  luilf  ;i:  .i  \:ii.^-.  >•    '::.      il- 
eium  hydroxide  the  hydroxyl  iirnniji**  :jj.;y  l--  >uli-:i:ii:i^i]. 
theoretically^  in  two  stages.      We  miifh^'i  ilieivluiv.  havL* 
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from  calcium  hydroxide  and  hydrochloric  acid  two  cnm- 

OH  PI 

pounds,   (1)   Cap,    ,  and  (2)  Cap,.     Just  as  we  call  a 

salt  which  Still  contains  replaceable  hydrogen  an  acid 
salt,  so  we  call  one  having  replaceable  hydroxyl  groups 
a  haste  salt. 

To  illustrate :  Just  as  phosphoric  add^  HgPO^,  may 
liave  tivo  acid  sodium  salts,  viz.,  NaH^PO^  and  NagHPO^, 
so  bismuth  hydroxide,  Bi(0H)3,   might  have  tivo  basic 

nitrates,  viz.,  Bi^^.^^^  ^nd  Bi^^^  >^  .  The  normal 
nitrate  is,  of  course,  Bi(N03)3. 

It  is  to  be  noted,  however,  that  some  basic  salts  have,  appar- 
entl}^  a  more  complex  constitution. 

105.  Basicity  and  Acidity.  —  The  number  of  stages 
in  whicli  tlie  replaceable  hydrogen  of  an  acid  can  be 
substituted  by  metals  deteimines  the  basicity  of  the 
acid.  Tlius,  hydrocliloric  acid,  HCl,  nitric  acid,  HNO3, 
and  acetic  acid,  HC^HgOg,  are  monobasic  acids;  carbonic 
acid,  ir.^COg,  and  sulphuric  acid,  HgSO^,  are  dibasic; 
while  phosphoric  acid,  HgPO^,  is  tribasic. 

Til  tlie  same  way,  the  number  of  stages  in  which  the 
liydroxyl  grou}>s  of  a  basic  hydroxide  might  be  replaced  by 
acid  radicals  or  l)y  non-metals  determines,  roughly,  the  acid^ 
Ity  of  the  hydroxide.  Thus  sodium  hydroxide  and  potas- 
sium hydroxide  are  monaeidic  bases ;  calcium  hydroxide, 
Ca(OH)o,  and  barium  hydroxide,  Ba(OTT)o,  are  diacidic: 
while  bismuth  hydroxide,  I>i(()II)o,  is  tn'acklfc. 
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io6.  Nomenclature  of  Acids.  —  Acids  iMnisisiin^^  of 
hydrogen  and  an  electiivnegiitive  element,  <\ //.,  liydnn 
chloric  acid,  IICl,  are  desiji^nated  ))y  the  nnnies  of  W/^ 
eleniente.  Thus  HBr  is  hydrobromic  acid,  and  ll.,S  is 
ht/Jrosulphuric  acid. 

Such  coinpoundH  are  often  iininod  liko  onliiiarv  ((miijhuiikIs 
<>f  two  elements  (*/.  §  77)  ;  thus:  liydrogon  cliloridi',  hy(lr()«:i'n 
sulphide,  etc. 

The  salts  of  such  acids  are  called  chlorides,  bromides, 
sulphides,  etc.  Thus,  the  s(Klium  salt  of  hydriodic  acid 
is  called  sodium  iodide,  and  the  iKiriuni  salt  of  hydro- 
cliloric  acid  is  barmm  chloride. 

Most  acids,  however,  consist  of  a  fion-Nfffa/lir  ch'nh'Ht 
united  with  hydroifen  and  ojrtjfU'n^  i^,^,^  nitric  acid,  sul- 
I)huric  acid,  phosphoric  acid,  acetic  acid,  etc. ;  these  ai(^ 
given  the  name  of  the  non-metallic  element  with  the 
final  syllable  ic.  Tliis  method  of  nomenclatun*  a])plies, 
however,  only  to  inorgania  acids;  on/aniff  acids,  r. //., 
atretic,  taiiaric,  citric,  picric,  etc.,  acids  are  cpiite  arbi- 
trarily named. 

When  there  are  two  acids  containing  the  same  thi(M' 
elements  in  different  proportions,  the  ending  of  the  acid 
containing  the  gi^eater  proportion  of  the  nnn-mftiilUr 
clement  is  msUle  ous,  wliile  the  ending  of  the  one  (con- 
taining less  of, this  element  is  made  ic.  Thus,  nitrogen 
forms  with  hydrogen  and  oxygen  at  least  two  com- 
pounds which  are  acids;  of  these  the  one  containing  tlu; 
more  nitrogen — its  formula  is  HNO.j  —  is  called  nitrons 
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acid,  while  the  one  containing  the  smaller  proportion  of 
nitrogen  is  called  nitric  acid.  So  sulphur  forms  with 
hydrogen  and  oxygen  both  sulphurous  acid,  HgSOg,  and 
sulphuric  acid,  H2S0^. 

The  acids  formed  by  the  element  chlorine,  however,  give 
the  best  ilhistrations  of  nomenclature.  Chlorine  forms  witli 
hydr()<;en  and  oxygen  four  acid  compounds,  the  compositions 
of  which  are  represented  by  the  formulas  : — 

IICIO, 
HCIO2, 

IlClOg, 

IICIO4. 

The  second  of  these  compounds,  HClOg,  is  called  chlorous  acid  ; 
the  third,  chloric  acid  ;  the  first,  because  it  contains  less  oxygen 
than  chlorous  acid,  is  called  hypochlorous  acid  ("  h3rpo  *'  signifies 
"  under  "  or  ''  lower  than  ")  ;  the  fourth,  because  it  has  more 
oxygen  than  chloric  acid,  is  called  perc/i?onc  acid. 

Acids  containing  a  non-metallic  element  united  with 
hydrogen  and  oxygen  are  called  oxygen  adds, 

107.  Nomenclature  of  Salts.  —  The  salt  of  an  acid 
ending  in  ous  is  given  the  ending  ite,  the  prefix  hypo 
remaining  unaltered,  if  present. 

Thus,  the  sodium  salt  of  nitrous  acid  is  sedium  nitrite^ 
NaXOo ;  the  potassium  salt  of  chlorous  acid  is  potassium  chlorite, 
KCIO2 ;  and  the  calcium  salt  of  hypochlorous  acid  is  calcium 
hypochlorite,  Ca(0Cl)2. 

The  salt  of  an  acid  ending  in  ic  is  given  the  suffix 
ate,  the  prefix  per  remaining  unchanged,  if  present. 
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"Thus,  the  ammonium  salt  of  nitric  acid  is  ammonium  nitrate  ; 
tne  barium  salt  of  chloric  acid  is  barium  chlorate.  Ba(ClO,)2  ; 
the  potassium  salt  of  permanganic  acid  is  ^oteu&aiuuiperniangaii- 

In  many  cases  there  are  two  salts  of  tlie  same  metal 
with  a  given  acid,  as,  for  example,  two  iron  sulphates, 
designated  by  the  formulas  FeSO^  and  Fe2(S04)3, 
respectively.  To  distinguish  l>etween  these  the  ending 
of  the  name  of  the  metal  is  changed  to  cms  in  the  case  of 
the  sulphate  having  the  greater  proportion  of  the  metal, 
and  to  ic  in  the  case  of  the  compound  having  the  smaller 
proportion  of  the  metal. 

Thus,  FeS04  ^^  called  ferrous  sulphate,  just  as  Ti^i.X  is 
called /errors  chloride  (cf,  §  78)  ;  and  FeJS0^)3  is  called  ferric 
sulphate,  just  as  FeClg  is  called /6r?7'c  cliloride. 

io8.  Nomenclature  of  Bases.  —  The  name  of  a  basic 
hydroxide  contains  the  names  of  all  the  elements  of 
which  the  hydroxide  is  composed.  Tlie  ending  is  ide, 
the  radical  OH  being  treated  as  an  element.  When 
there  are  two  basic  compounds  of  hydroxijl  witli  the 
same  metal,  the  name  of  the  mefcil  in  the  liydroxide 
liaving  the  larger  proportion  of  tlie  metal  ends  in  ous, 
while  the  endmg  of  the  metal  in  the  other  hydroxide 
is  ic. 

Thus,  we  have  cuproiLS  hydroxide^  CUo(01I)„,  and  cupric 
hydroxide^  Cu(0H)2 ;  also  ferrous  hydroxide^  Fe(OH)o,  and 
ferric  hydraxids,  Fe(OH)g. 
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The  oxygen  of  air  is  removed  more  satisfactorily  by 
hot  copper.     The  apparatus  is  shown  in  Fig.  26. 

Purer  nitrogen  may  be  prepared  by  heating  ammonium 
fiitrite,  NH^NOg.  The  reaction  takes  place  as  shown 
by  the  equation,  — 

NH4NO2  =  N2  +  2  H2O. 
6'4  28  36 

Instead  of  ammouium  nitrite,  a  mixture  of  solutions  of  am- 
monium chloride  (NII4CI)  and  sodium  nitrite  (NaNOg)  is  gen- 


Water 


Cu. 


wft.^jj^  j.*-. 


■      1  -r      n  -^    I        I 

\0 


Fig.  26. 


erally  used.     When  this  mixture  is  heated  carefully,  a  regular 


stream  of  nitrogen  is  evolved. 


112.  Properties  of  Nitrogen. — Pure  nitrogen  is  a 
gas  without  taste,  odor,  or  color,  and  about  0.97  as 
heavy  as  air.  100  c.c.  of  water  under  ordinary  condi- 
tions can  dissolve  only  about  1  c.c.  of  the  gas.     One 
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liter  of  nitrogen  weighs  about  1.25  grams  at  standard 
conditions^  i.  e.,  at  0°  C.  and  760  mm.  pressure. 

Since  ordinary  combustion  and  respiration  require 
oxygen,  it  naturally  follows  that  "  atmospheric  nitrogen," 
i.  e.^  air  deprived  of  oxygen,  no  longer  supports  either  com- 
bustion or  respiration.  Pure  nitrogen,  like  atmospheric 
nitrogen,  is  an  extremely  inactive  substance,  combining 
directly  with  only  a  few  elements.  It  does  combine 
witli  magnesium,  titanium,  lithium,  etc.,  at  an  elevated 
temperature,  giving  nitrides. 

Under  the  influence  of  the  electric  spark,  nitrogen 
unites  Avith  hydrogen  and  oxygen  to  form  nitrous  and 
nitric  acids,  and  with  hydrogen  alone  to  form  ammonia ; 
hence  these  compounds,  and  the  substances  formed  from 
them,  viz.,  ammonium  nitrite  and  ammonium  nitrate^  are 
found  in  the  atmosphere,  in  natural  waters,  and  in  the 
soil. 

113.  << Atmospheric  Nitrogen''  a  Mixture.  —  The 

nitrogen  obtained  by  removing  oxygen  from  air  was  long 
considered  pure,  but  careful  experiment  made  tlie  weight  of 
a  liter  of  atmospheric  nitrogen  1.2571  grams  and  that  of  a 
liter  of  pure  nitrogen  1.2507  grams.  The  cause  of  this  dif- 
ference was  investigated  and  found  to  be  due  to  the  fact 
that  atmospheric  nitrogen  contains  another  substance  heavier 
than  nitrogen.     Thus  argon  was  discovered  in  1894. 

114.  Character  of  the  Atmosphere. — The  atmos- 
phere is  the  gaseous  mantle  of  the  earth.  Some  of  its 
ingredients  are  practically  constant  in  amount,  but  others 
are  variable^ 
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Constant  Ingredients.  Variable  Ingredients. 

Nitrogen,  Water, 

Oxygen,  Carbon  dioxide, 

Argon,  Ozone, 

Helium,  Hydrogen  peroxide. 

Hydrogen,  Ammonium  nitrite, 

and  several  rare  Dust, 

and  recently  discovered  etc. 
substances. 

Bacteria  are  so  universally  present  and  of  such  great  im- 
portance to  many  changes  taking  place  in  the  atmosphere  that 
they  may  rightly  be  classed  among  its  variable  ingredients. 

By  pure  air  we  mean  a  mixture  of  the  constant  con- 
stituents of  the  atmosphere.  The  proportions,  by  vol- 
ume and  by  weight,  of  the  three  most  abundant  of  these 
are  as  follows :  — 


By  Volume. 

By  Weight 

Nitrogen,  78.06% 

75.5% 

Oxygen,    21.00% 

23.2% 

Argon,        0.94% 

1.3% 

Hydrogen  exists  in  small  quantities  in  the  atmos- 
phere. Recent  experiments  with  the  air  of  Paris  show 
that  100  liters  of  it  contain  about  19  c.c.  of  hydrogen. 
Hydrogen  is  thus  present  in  almost  as  great  an  amount 
by  volume  as  carbon  dioxide  (^cf,  §  117). ' 

Nitrogen  and  oxygen,  the  most  abundant  constituents  of  air, 
have  been  described  already.  Argon  and  helium,  while  not  at 
all  comparable  with  the  former  two  elements  in  importance, 
are  interesting  because  they  have  only  recently  been  discovered 
in  the  earth  ;  hence  a  short  description  of  each  follows. 


HELIUM.  in 

115.  Argon.  —  The  discovery  of  argon  almost  took 
place  a  hundred  years  before  this  substance  wjis  actu- 
ally studied  by  Ramsay  and  Rayleigh  in  1894 ;  for 
Cavendish,  the  discoverer  of  hydrogen,  records  the  obser- 
vation that  he  could  not  get  all  the  nitrogen  of  the  air 
to  combine  with  oxygen  by  "  sparking  "  a  mixture  of 
these  gases  in  the  presence  of  potassium  hydroxide. 
This  was  in  1785.  The  "  residual  nitrogen  "  was  argon 
and  the  other  inert  gases  which  are  mixed  witli  atmos- 
pheric nitrogen.  By  repeating  Cavendish's  experiments, 
Ramsay  and  Rayleigh  obtained  argon. 

A  second  way  of  obtaining  this  substance  is  to  pass  pure 
air  over  heated  copper,  which  takes  up  the  oxygen,  and  then 
over  magnesium,  which  absorbs  the  nitrogen  as  ma<jnesiura 
nitride^  MggNg.  The  nitrogen  may  also  be  removed  by 
lithium  or  calcium. 

Argon  may  be  condensed  to  a  colorless  liquid,  boiling 
at  — 185°  C,  and  at  lower  temperatures  may  even  be 
obtained  in  the  solid  state.  In  gaseous  form  it  is 
heavier  than  oxygen.  It  is  much  more  soluble  in  water 
than  nitrogen,  hence  in  air  whicli  has  been  dissolved 
in  water  and  afterward  expelled  from  solution,  the  pro- 
portion of  argon  is  greater  than  in  the  atmosphere. 
Argon  is  (dmost  without  chemical  activity^  hence  its  name. 

116.  Helium. — By  means  of  the  spectroscope,  helium 
was  discovered  to  be  a  constituent  of  the  sun  a  (quarter 
of  a  century  before  it  was  known  to  exist  on  the  earth* 
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It  has  been  found  in  small  amount  in  the  earth's  atmos 
phere,  in  certain  rare  minerals,  in  some  springs,  and  in 
a  meteorite,  as  well  as  in  the  atmospheres  of  the  sun  and 
certain  fixed  stars.     Like  argon,  helium  is  very  inert. 
It  is  'probably  less  soluble  in  water  than  any  other  gas, 

117.  Carbon  Dioxide  in  the    Atmosphere. — The 

chief  variable  constituents  of  the  atmosphere  are  carbon 
dioxide  and  steam,  and  to  the  presence  of  these  two 
substances  many  of  the  properties  of  the  atmosphere  are 
due.  The  atmosphere  supports  the  life  of  chlorophyll- 
producing  plants  largely  because  it  contains  carbon 
dioxide. 

The  presence  of  carbon  dioxide  in  the  atmosphere  may  be 
shown  by  drawing  a  current  of  ordinary  air  through  a  solution 
of  calcium  hydroxide  (lime-water)  ;  the  white  solid  which  sepa- 
rates from  solution  is  calcium  carbonate,  CaCOg.  Its  forma- 
tion indicates  the  presence  of  carbon  dioxide  in  the  air. 

Under  ordinary  conditions^  10^000  parts,  by  volume, 
of  air  contain  only  3  or  4  parts  of  carbon  dioxide.  If 
this  relative  amount  of  the  gas  is  doubled  as  a  result  of 
respiration,  the  air  becomes  foul,  not  so  much  because 
of  tlie  carbon  dioxide  itself  as  because  of  the  decaying 
organic  matter  wliich  is  exlialed  along  with  it  from  the 
lungs  of  animals.  The  quantity  of  carbon  dioxide  in 
the  atmosphere  of  a  room  thus  serves  as  an  index  to  the 
amount  of  poisonous  material  present. 

The  great  weight  of  the  earth's  atmosphere  may  be  illus- 
trated by  the  fact  that  its  carbon  dioxide,  although  so  small  a 
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proportion  of  the  whole,  is  estimated  to  weigh  over  five  thou- 
sand billions  of  tons. 

ii8.  Water  Vapor  in  the  Atmosphere. —  The  quan- 
tity of  water  vapor  which  the  atmosphere  is  capable  of 
holding  at  any  given  time  depends  upon  the  tempera- 
ture and  the  pressure.  Air  is  saturated  with  water  vapor j 
or  at  the  ^^  dew-pointy^^  when  the  sUf/htest  reduction  of 
temperature  or  increase  of  pressure  causes  precipitation 
of  some  of  the  water. 

One  hundred  liters  of  air  at  25*^  C.  and  at  ordinary  pressures 
can  hold  a  little  over  2  grams  of  water.  If  the  temperature 
falls  to  0°  C,  about  1.7  grams  of  the  water  are  precipitated  as 
rain.  Usually  the  atmosphere  is  far  from  havin<(  all  the  water 
It  can  hold,  only  60%,  or  less,  of  this  amount  being  present  on 
a  fair  day.  If  there  is  much  more  than  this,  we  recognize  its 
presence  by  the  "  closeness  "  of  the  atmosphere. 

iig.  Atmospheric  Dust.  —  The  importance  of  at- 
mospheric dust  in  causing  certain  plienomeua  is  well 
known.  It  causes  sunset  and  suniise  colors,  and  helps 
to  effect  the  precipitation  of  water  vapor  as  clouds  and 
rain.  An  experiment  to  illustrate  the  latter  influence 
is  the  following :  — 

A  large  flask  (Fig,  27)  is  filled  with  dust-free  air  l)y  drawing 
through  it, for  some  hours,  air  which  has  passed  through  along 
tube  of  cotton  wool.  If  the  room  is  now  darkened,  and  a  beam 
of  light  is  directed  through  a  small  opening  toward  the  flask,  the 
beam  will  be  visible  in  the  outer  air,  but  not  in  the  flask,  owing 
to  the  absence  of  dust.  A  small  amount  of  steam  is  next  in- 
troduced into  the  flask  by  connecting  the  flask  at  a  with  a  ves- 
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sel  of  boiling  water,  opening  the  pinch  clamps  at  a  and  6,  and 
sucking  for  a  moment  with  the  aspirator.  A  beam  of  light, 
directed  as  before,  will  be  practically  invisible.  The  beam  will 
still  be  invisible  when  the  flask  is  connected  with  the  aspirator 
and  partly  exhausted.  A  small  funnel  is  now  attached  to  the 
tube  at  a,  and  a  quantity  of  smoke  is  nroduced  in  the  mouth 


Cotton  wool 


To  Aspiratoi 


Pig.  27. 

of  the  funnel.  This  smoke  is  sucked  into  the  large  flask  by 
opening  the  clamps  at  a  and  6,  and  thus  making  connection 
with  the  aspirator.  If  now  the  clamp  a  is  closed,  and  the  air 
is  slightly  exhausted  through  6,  a  beam  of  light  passing  through 
the  flask  will  be  clearly  visible  owing  to  the  small  drops  of 
water,  i  6.,  mist,  which  fill  the  flask.  In  a  similar  way  the 
dust  of  the  air  probably  causes  the  formation  of  drops  of  water. 


120.  Weight  land  Pressure  of  the  Atmosphere. — 

One  liter  of  air  weighs,  at   standard  temperature  and 
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pressure,  1.293  grams,  and  is,  therefore,  yi  3  as  he-dvy  as 
water,  and  about  14.4  times  as  heavy  as  hydrogen.  Be- 
cause of  its  weight,  the  atmosphere  exerts  pres- 
sure upon  all  bodies  immersed  in  it.  This 
pressure  is  measured  by  the  height  of  the 
column  of  mercury  the  atmosphere  will  sup- 
port in  the  barometer  (Fig.  28).  The  mean 
height  of  the  barometer  at  0°  p.  and  at  sea 
level  is  760  mm.;  this  is  the  standard  baro- 
metric height,  and  is  called  a  pressure  of  one  L_  I 
atmosphere.  L — 


j 


Fig.  2S. 
A  column  of  mercury  760  mm.  high  and  1  sq.  cm. 

in  cross  sectional  area  weighs  1,033.6  grams  ;  hence  this  is  the 

pressure  of  the  atmosphere  upon  1  sq.  cm.  at  sea  level.     If 

the  liquid  used  is  water,  which  is  ^  as  heavy  as  mercury,  the 

height  of  the  barometer  will  be  13,6  times  as  great^  as  with 

mercury,  i,  e.,  10.4  meters,  or  34  feet. 


■V 


121,  Liquefaction  of  Air.  —  The  condensation  of  air 
to  the  liquid  condition  is  brought  about  by  tlie  8jui  e 
methods  as  those  used  to  liquefy  other  "  penuanent " 
gases,  and  differs  radically  from  the  liquefaction  of 
gases  like  ammonia,  chlorine,  and  sulphur  dioxide. 
These  gases  may  be  condensed  at  ordinary/  temperatures,, 
if  only  sufficient  pressure  is  applied ;  but  gases  like  air 
cannot  be  liquefied  at  the  ordinary  temperature  hy  any 
pressure^  Tumever  great.  Indeed,  pressures  up  to  8,600 
atmospheres  have  been  applied  without  avail.  This  is 
due  to  the  fact  that  there  is  for  every  gaseous  substance 
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a  maximum  temperature  above  which  the  gas  cannot  be 
t  liquefied ;  this  is  called  the  critical  tempei-atiire  of  the  gas. 

A  '•'' permanenV*  gas  thus  differs  from  an  easily  condensible 
gas  in  this  respect,  viz.,  that  the  critical  temperature  of  a 
condensible  gas  is  above  the  ordinary  temperature,  while  that 
of  the  permanent  gas  lies  far  below  the  ordinary  temperature. 
Such  gases  as  air,  hydrogen,  etc.,  are,  therefore,  condensed 
only  at  a  very  low  temperature  and  great  pressure. 

Ttvo  general  methods  are  used  to  liquefy  true  gases. 
In  the  first  method  the  gas  to  be  condensed  is  first  cooled 
to  its  critical  temperature,  and  is  then  subjected  to 
pressure.  In  the  second  method  the  gas  is  first  strongly 
compressed,  and  is  then  cooled  to  its  critical  tempera- 
ture. 

Tlie  second  method  has  been  used  recently  to  liquefy 
air  on  a  commercial  scale. 

The  apparatus  used  consists,  essentially,  of  two  systems  of 
pipes,  the  pipes  of  the  outer  system  forming  a  jacket  surround- 
ing those  of  the  inner  system.  The  air  of  the  inner  system  is 
that  to  be  liquefied. 

By  means  of  compressing  engines  ((/.  Fig.  34),  air  is  forced 
into  each  system  under  great  pressure.  Much  heat  is  thereby 
evolved.  When  the  compressed  air  has  cooled  to  the  ordinary 
temperature,  some  of  the  air  of  the  outer  pipes  is  allowed  to 
escape.  TJic  sudden  expansion  of  the  air  remaining  in  the  outer 
pipes  then  causes  an  amount  of  heat  to  be  absorbed  which  is 
equal  to  that  evolved  when  the  compression  took  place.  The 
air  of  the  outer  pipes,  now  intensely  cold,  cools  the  compressed 
air  of  the  inner  pipes  below  the  critical  temperature  of  air,  and 
thus  liquefies  it. 
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122.  Properties  of  Liquid  Air. — In  the  liquid  con- 
dition air  is  colorless,  has  about  the  same  density  as 
water,  and  boils  at  — 190°  C,  under  ordinary-  i)i'essui-e. 
When  freshly  made,  liquid  air  is  about  half  oxygen,  but 
the  proportion  of  oxygen  increases  by  the  evajioration 
of  the  nitrogen  (liquid  nitrogen  boils  a1x>ut  10°  C 
below  liquid  oxygen)  until  the  liquid  is  over  i^O'Jtj 
oxygen. 

Liquid  air  is  preserved  in  open,  double-walled  vessels  railed 
Dewar  htdhs  (Fig.  29).  The  space  between  tlic  walls  of 
the  bulbs  is  exhausted  of  air  to  secure 


non-conductivity  of  heat.  Tin  or 
wooden  boxes  having  double  walls  filled 
with  silk  may  also  be  used. 

Alcohol,  liquid  carbon  dioxide, 
mercury,  etc.,  solidify  when  placed 
in  liquid  air,  and  steel  burns  in  it 
like  tinder ;  yet  the  hand  may  be 
held  in  it  for  a  short  time  with- 
out injury,  because  protected  by 
a  non-conducting  film  of  air  in  the 
gaseous  state. 


O 
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123.  Determination  of  the  Proportion  of  Oxygen 
in  Air.  —  The  amount  of  oxygen  in  a  given  volume  of 
air  is  usually  determined  either  (1)  by  absorbing  the 
oxygen,  or  (2)  by  exploding  the  air  with  a  known  vol- 
ume of  hydrogen. 

The  phosphorus  absorption  method^  a  crude    form  of 
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which  was  described  under  nitrogen  (cf,  §  111),  is  car 
ried  out  more  accurately  as  follows :  — 

A  gas  analysis  tube,  partly  full  of  air,  is  inverted  in  a  hydrom- 
eter jar  (Fig.  30),  and  the  gas  volume  is  carefully  measured. 
The  temperature  and  pressure  are  recorded.  A 
thin  stick  of  phosphorus  is  introduced  into  the 
tube  by  means  of  a  bent  wire,  and  is  left  there 
twenty-four  hours.  The  phosphorus  is  then  re- 
moved, and  the  residual  gas  is  measured.  When 
the  necessary  corrections  have  been  made,  the 
volume  of  oxygen  absorbed  by  the  phosphorus  and, 
consequently,  the  per  cent  of  oxygen  in  the  origi- 
nal air  are  readily  calculated. 


The  absorption  of  the  oxygen  by  potassium 
pyrogallate  gives  similar  results. 

The  second  general 
method^  viz.,  the  ex-  ^^^n^^ZTZT^N 

plosion  of  a  mixture  of  from  Spark  Coil  .      ?J 
Fig.  30.      known    volumes    of   air  "ZnnTJiJq^ 

and  hydrogen,    may   be  '^  c.c.H. 

illustrated  as  follows  :  —  i  n  ,.  <.  Air 

1 0  c.c.  Air 

In  the  straight  eudiometer  tube 
shown  in  Fig.  31,  a  known  vol- 
ume of  air  is  mixed  with  an  ex- 
cess of  liydrogen,  and  the  electric 
spark  is  passed  through  the  mix- 
ture. All  of  the  oxygen  of  the  fig.  si. 
air  taken  will  thus  unite  with  hy- 
drogen to  form  water.      Tlie  volume  of  steam  formed 
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will  be  equal  to  that  of  the  hydrogen  used  up,  but  the 
volume  of  liquid  water  produced  by  the  condensation 
of  the  steam  will  be  insignificant.  Hence  there  will  l)e 
a  contraction  of  volume.  One-third  of  this  contmction 
will  be  the  volume  of  oxygen  present  in  the  original  air. 

To  take  a  concrete  example  :  If  10  c.c.  of  each  of  the  gases, 
air  and  hydrogen,  are  taken,  the  volume  remaining  after  the 
explosion  will  be  about  13.7  c.c,  t.e.,  the  contraction  will  be 
(5.3  c.c.  Of  this  coRtraction  2.1  c.c.  (=\  of  6.3)  are  oxygen  ; 
hence  10  c.c.  of  air  contain  2.1  c.c.  (=  21%)  of  oxygen. 

The  proportions  of  the  chief  constant  constituents 
of  the  atmosphere  have  been  determined  in  many  differ- 
ent places,  and  have  been  found  everywhere  practically 
the  same.  This  is  a  remarkable  fact  when  we  remem- 
ber that  air  is  only  a  physical  mixture,  yet  it  is  a  neces- 
sary consequence  of  the  circulation  of  the  air  and  the 
rapid  diffusion  of  its  gases. 

124.  The  Air  a  Physical  Mixture.  —  That  air  is  not 
a  compou7id  of  nitrogen  and  oxygen  is  proved  by  several 
facts,  of  which  the  following  are  illustrations :  — 

(1)  When  nitrogen  and  oxygen  are  mixed,  there  is  no 
evidence  of  union,  such  as  evolution  or  absorj^tion  of  heat, 
change  of  volume,  etc. 

(2)  If  air  were  a  chemical  compound,  like  the  nitrogen 
oxides,  it  ought  to  have  the  same  composition  in  the  liquid 
state  as  in  the  gaseous.  This,  however,  is  not  the  case,  as 
was  stated  in  the  description  of  liquid  air. 

(3)  There  is  no  reason  why  air,  if  a  compound,  should 
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have  its  composition  changed  by  solution  in  water ;  yet  this 
is  the  case.  Air  that  has  been  expelled  from  solution  in 
water  contains  about  35%,  by  weight,  of  oxygen,  instead  of 
23%,  owing  to  the  fact  that  oxygen  is  much  more  soluble 
than  nitrogen. 

125.  Exercises. 

1.  Calculate  the  composition,  in  parts  per  cent,  of  a  mixture 
of  gases  76  c.c.  of  which  contain  48  c.c.  oxygen,  12.5  c.c.  hy- 
drogen, and  tlie  remainder  nitrogen. 

2.  It  has  been  calculated  that  in  certain  places  900  grams  of 
nitric  acid  fall  every  year  upon  an  acre  of  ground  :  can  you 
suggest  how  it  is  formed  ? 

3.  AVhy  is  not  all  tlie  carbon  dioxide  of  the  air  at  or  near  the 
earth's  surface  ? 

4.  AVhat  is  the  height,  in  inches,  of  a  barometer  standing  at 
742  mm.?     (See  Appendix.) 

5.  16  c.c.  of  a  mixture  of  nitrogen  and  oxygen  were  put 
with  25  c.c.  pure  hydrogen,  and  exploded.  The  volume  of 
residual  gas  was  23  c.c.  How  many  cubic  centimeters  of  the 
orifijinal  mixture  were  oxv<?en  ? 

6.  How  many  grams  of  nitrogen  can  be  obtained  by  decom- 
posing 16  grams  of  anmionium  nitrite?  How  many  liters  at 
standard  conditions  ? 

7.  How  many  liters  of  "  atmospheric  nitrogen  "  can  be  ob- 
tained from  10  liters  of  air  ?  AVhat  will  be  its  weight  at  standi 
ard  conditions  ? 


CHAPTER   X. 
PROPERTIES  OF  GASES.    THE  MOLECULAR  THEORY. 

126.  Gases  and  Vapors.  —  The  word  "  gas  **  is  often 
used  to  denote  a  substance  wliicli  is  in  the  gaseous  state 
under  ordinary  conditions,  wliile  "vapor**  is  used  to 
mean  the  gaseous  condition  of  a  substance  which  is 
ordinarily  liquid  or  solid.  Tlius,  we  speak  of  oxygen 
as  a  gas^  but  of  steam  as  the  vapor  of  water.  In  reality, 
however,  the  term  "gas"  can  properly  l)e  applied  only 
to  a  gaseous  body  above  its  critical  teynjyerahire.  In  this 
sense,  chlorine  and  hydrocliloric  acid  are  not  gases 
under  ordinary  conditions,  wliile  nitrogen  and  hydrogen 
are.  Boyle's  and  Charles'  laws,  which  follow,  are 
applicable  in  a  strict  sense  only  to  true  gases.  They 
are,  however,  approximately  true  for  all  gaseous  bodies 
at  moderate  pressures. 

127.  Relation  of  the  Volume  of  a  Gas  to  Pressure. 

- — At  a  constant  temperature  the  volume  of  a  (/as  is  in- 
versely proportional  to  tJie  pressure  the  gas  supports. 
This  is  Boyle's  law.  A  mass  of  gas  having  a  volume 
of  30  CO.  at  700  mm.  thus  occupies  27.63  c.c.  at  7G0 
mm.  pressure,  and  35  c.c.  at  600  mm.  pressure,  as  ia 
evident  from  a  solution  of  the  proportions,  — 
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30  :  aj  ::  760  :  700,  and 
30  :  a;  ::  600  :  700. 

The  product  of  the  number  representing  the  volume 

of  a  gas  and  the  number  representing  the  pressure  under 

which  the  volume  is  measured  is,  therefore,  a  constant ; 

or, 

V  X  P  =  constant. 

Since  increasing  the  pressure  will  diminish  the  volume 
of  a  gas,  it  will  plainly  increase  the  mass  of  gas  in  a 
given  volume,  i.  e.,  the  density.  Hence  Boyle's,  or,  as 
it  is  sometimes  called,  Mariotte's  law  may  be  stated 
thus:  The  density  of  a  gas  at  constant  temperature  is 
proportional  to  the  pressure. 

Problems  involving  changes  of  pressure  may  be  solved 
as  follows :  — 

Problem  1.  A  quantity  of  gas  measures  120  c.c.  when  the 
pressure,  as  indicated  by  the  barometer,  is  720  mm.  ;  what  will 
its  volume  be  at  760  mm.  ? 

Solution.  Since  the  volume  varies  inversely  as  the  pressure, 
120  c.c.  in  changing  from  a  lower  to  a  greater  pressure  must 
diminUh  in  volume.  Hence  the  proportion,  120  '.xw  760  :  720. 
AVlience  x  =  the  volume  at  760  mm. 

Problem  2.  AVhat  will  be  the  volume  at  650  mm.  of  a  quantity 
of  nitrogen  which  at  820  mm.  has  a  volume  of  50  c.c.  ? 

Solution.  Fifty  c.c.  in  changing  from  a  pressure  of  820  mm. 
to  one  of  650  mm.  must  increase  in  volume.  Hence  the  pro- 
portion, 50  :  aj  ::  650  :  820. 

128.  Relation  of  Volume  to  Temperature.  —  The 

pressure  remahiing  constant,  a  change  of  temperature 
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alters  the  volume  of  a  gas  so  that  273  c.c.  at  0°  C.  l)e- 
cpme  274  c.c.  at  1°  C,  283  c.c.  at  10°  C,  303  c.c.  at  30°  C^., 
253  c.c.  at  — 20°  C,  etc.  The  i-everse  changes  are  also 
true,  L  e.,  253  c.c.  at  —20°  C.  become  273  c.c.  at  0°  (^; 
and  303  c.c.  at  30°  C.  become  283  c.c.  at  10°  C.  and  273 
c.c.  at  0°  C.  These  changes  correspond  to  an  increase 
of  3^^  (=  0.00366)  of  the  gas  volume  at  0°  (\  for 
every  degree  the  temperature  is  raised  above  0°  ( ■.,  and 
a  like  diminution  for  eveiy  degree  the  tenii)eKitnre  of 
the  gas  falls  below  0°  C.  At—27S''  C,  tlierefore,  the 
iwlumes  of  all  gases  would  he  0,  This  tempemtuie 
( — 273°  C.)  is  called  the  absolute  zero.  All  centujnide 
readings  may  he  changed  to  al)Solute  readings  hg  add- 
ing 273  to  them.  Thus,  +10°  C.  =  283°  al)s.  C.,  and 
— 15°  C.  =  258°  abs.  C.  The  law  expressing  the  rela- 
tion of  volume  to  temperature  (Charles'  law)  may, 
therefore,  be  stated  thus :  Under  constant  2>ressure  the 
volume  of  a  gas  is  proportional  to  its  ahsolute  temprra- 
ture. 

It  follows  that  the  pressure  exerted  by  a  gas  wliose 
volume  is  kept  constant  is  proportional  to  the  ahxolute 
temperature  of  the  gas. 

Problems  involving  changes  of  temperature  are  solved 
as  follows :  — 

Problem  1.  Suppose  that  the  temperature  of  a  gas  mejiHuring 
80  c.c.  at  0°  C.  is  changed  to  20°  C.  ;  what  volume  will  the  gas 
have  at  20°  C.  ? 

Solution,  Since  273  c.c.  at  0°  C.  become  203  c.c.  at  20°  (\, 
80  c.c.  will  increase  a  proportional  amount.     Therefore  we 
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write  the  proportion,  80  :  a;  ::  273  :  293.  Whence  x  =  the 
required  volume. 

Problem  2.  If  GO  c.c.  of  oxygen  at  30°  C.  have  the  tempera- 
ture lowered  to  — 10°  C,  what  will  the  volume  become  ? 

Solution,  Since  303  c.c.  of  a  gas  at  30°  C.  become  263  c.c.  at 
— 1 0°  C . ,  00  c .  c .  of  oxygen  will  diminish  proportionally.  Th  ere- 
fore,  ()0  :  a;  ::  303  :  203. 

129.  Reduction  to  Standard  Temperature  and  Pres- 
sure. —  In  §  123  we  learned  that  the  oxygen  of  an  en- 
closed portion  of  air  will  be  completely  removed  by 
phosphorus.  From  the  volume  of  air  taken  and  tlie 
volume  of  residual  gas  obtained  the  proportion  of  oxygen 
may  l)e  calculated.  Accurate  results  cannot,  however, 
l>e  expected  fi-om  tliis  experiment  unless  the  original 
and  final  volumes  are  eomparabley  i.  e.,  are  at  the  same 
tompomtuiv  and  pi'essure.  It  is  possible  that  conditions 
will  he  the  same  after  twenty-four  hours;  probably ^ 
however,  the  l>i\ivmetric  reading  and  the  temperature 
will  have  changed,  and  it  Avill  be  necessary  to  reduce 
the  volumes  read  to  the  same  temperature  and  pressure 
for  comparison.  The  volumes  of  gases  are  usually  com- 
pared at  standard  temperature  and  pressure,  u  e.y  at 
C  C"*.  and  TiU)  mm.,  resj^ecuvely. 

Pi\>bloms  of  tliis  kind,  involving  changes  in  both 
tomiH^raiuix^  and  pivssure,  are  solved  by  stating  the  pro- 
jH^rtiou  for  each  ease,  and  then  combining  the  two 
pn^poriions. 

Pit^hkm  /.  AVh;U  will  bo  tho  volume,  under  standard  con- 
ditious*  of  40  o.i\  of  ox\  iron  nioasurinl  at  700  mm.  and  25®  C.  ? 
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Solution,  (a)  For  the  temporature-chaii'^o  alone,  — 
Since  298  c.c.  (273  +  25)  at  25°  C.  become  273  c.c.  at  0°  C, 
40  c.c.  will  diminish  proportionally.     Therefore, 

40  :  a;  ::  208  :  273. 

(6)  For  the  change  in  pressure, — 

«  _  

Since  the  pressure  is  to  increase  from  700  mm.  to  700  mm., 
the  volume  will  be  diminished.     Hence  th(;  proportion, 

40  :  a;  ::  700  :  700. 

Combining  the  two  proportions,  we  have 

40- a,  ..-208:273; 

298  X  760a;  =  40  X  273  X  700. 

AV'hence  a;  =  the  volume  which  40  c.c.  measured  at  25°  C. 
and  700  mm.  would  occupy  at  0°  C.  and  700  mm. 

Problem  2.  In  the  experiment  referred  to  in  §  104,  viz., 
the  analysis  of  air  by  phosphorus,  a  student  obtained  the  fol- 
lowing figures :  — 

Volume  of  air  taken  for  analysis  =  15.(5  c.c. 

Temperature  =  19°  C. 

Barometer  reading  (corrected)  =  730  nmi. 

On  the  next  day  the  figures  were,  — 

Volume  of  residual  gas  =  35.7  c.c. 
Temperature  =  21°  C. 
Barometer  reading  =  742  mm. 

Uequired  the  volume,  per  cent,  of  oxygen  absorbed. 

Solution,     We  first  reduce  the  volume  of  air  tak(jn  to  Htand- 
ard  conditions  by  solving  for  x  in  the  proportion, — 

.  ^  ^  .      . .  292  :  273. 

4D.D    .    iC    .  .    ,j.gQ    .    rj^Q 

This  done,  we  get  the  volume  of  the  residual  gas  at  standard 
coDtditions  by  solving  for  x  in  the  proportion,  — 
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^o./  .  ^  ..  7(50  :  742. 

In  this  way  we  obtain  comparable  volumes.  The  per  cent 
of  oxygen  in  the  air  taken  may  now  be  found  by  solving  for  x 
in  the  equation,  — 

Yol.  of  air  —  Yol.  of  residual  ffas 
^- — =  X, 

Yol.  of  air 

130.  Correction  of  the  Barometric  Reading.  —  Tlw 

standard  height  of  the  barometer  is  760  mm.  at  0^  (7. ;  at 
other  temperatures  the  reading  must  be  corrected  for 
temperature.  Thus  at  20°  C.  the  mercury  column  is 
3  mm.  longer  than  at  0°  C. ;  hence  this  amount  must  l>e 
subtracted  from  the  barometric  reading  at  20°  C.  to  give 
the  reading  at  0°  C. 

Another  correction  is  often  made  wlien  gases  are  vieas- 
ured  over  U(piid8,  viz.,  a  correction  for  the  tension,  i.  e., 
pressure^  of  tlie  vapor  of  the  liquids  (cf  §  44).  The 
pressure  of  this  vapor  opposes  the  atmospheric  pressui-e, 
hence  the  volume  of  a  gas  read  over  a  liquid  is  greater 
than  it  would  he  if  the  gas  ivere  free  from  the  vapor  of  the 
liquid,  i.  e.j  dry.  To  get  the  volume  which  a  moist  gas 
woidd  have  if  dry,  we  must  assume  the  gas  to  be,  not 
at  tlie  pressure  read  from  the  barometer,  but  at  the  baro- 
metric pressure  minus  tlie  pressure  of  the  vapor  of  the 
liquid. 

A  table  of  the  tension  of  the  vapor  of  water  at  several  tem- 
peratures appears  in  the  Appendix. 

The  correction  for  the  tension  of  aqueous  vapor  is  not  ap- 
plied when  two  gas  volumes   which    are  to  be  compared  (cf. 
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§  129,  Prob.  2)  are  both  measured  over  water  at  approximatelv 
the  same  temperature  (in  which  case  the  aqueous  tensions  are, 
evidently,  equal),  nor  on  a  very  "  close  "  day,  when  the  atnios- 
[)here  itself  is  nearly  at  its  dew-point. 

131.  The  Molecular  Theory.  —  The  physical  l)e- 
havior  of  gases,  as  well  as  that  of  liquids  and  solids, 
and  the  laws  which  govern  chemical  action  are  lx?st  ex- 
plained by  the  assumption  that  matter  consists  of  par- 
ticleSy  or  molecules.  Molecules  are  assumed  to  1x3 
separated  from  one  another  by  distances  whicli  are  very 
srnallj  but  which  are  yet,  especially  in  the  case  of  gases, 
very  great  as  compared  with  the  size  of  the  molecules 
themselves.  When  we  speak  of  distances  between  wole- 
cules  we  mean  average  distances ;  for  molecules  are  not 
at  rest,  but,  on  the  contrary,  in  constant  motion,  The 
cause  of  the  motion  of  molecules  is  their  own  inherent 
energy.  Th^  direction  of  their  motion  is  along  straight 
lines  except  as  the  molecules  collide  ^\dth  one  another 
or  with  the  walls  of  the  containing  vessel. 

Because  of  frequent  collisions,  tlie  energy  of  one  par- 
ticle of  matter  is  probably  not  the  same  as  tliat  of  other 
particles  in  the  mass.  When  we  measure  the  degree  of 
heat,  i.e.,  the  temperature  of  the  mass,  we  get  only  tlui 
mean  temperature  of  the  particles  in  the  neighboi-hood 
of  the  thermometer.  There  may  be  many  particles  far 
above  the  mean  temperature,  as  well  as  many  fai  l)e- 
low  it. 

The  above  is  a  short  outline  of  the  "Molecular  Theory." 
The  student  must  remember  that  the  existencje  of  molecules  is  \. 
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assumed^  and  that  the  simple  explanation  of  phenomena  which 
this  assumption  permits  cannot  have  the  same  force  as  the 
phenomena  themselves.  Yet  so  necessary  does  this  explana- 
tion seem  at  the  present  time  that  scientific  men  everj'where 
hold  it. 

132.  The  Physical  States  of  Matter.  —  The  theory 
of  the  existence  of  molecules  explains  the  behavior  of 
matter  in  its  three  physical  states  of  gas,  liquid,  and 
solid. 

Wlien  a  substance  is  in  the  gaseous  state,  the  energy 
of  its  particles  is  so  great  that  the  gas  tends  to  fill  any 
space  pi-esented  to  it,  however  great.  Hence  a  gas  eon- 
fined  in  a  vessel  exerts  pressure  upon  the  walls  of  the 
vessel. 

In  the  liquid  state  the  energy  of  the  particles  is  less 
than  in  the  gaseous  condition.  At  the  same  time,  there 
is  still  gi'eat  fi^edom  of  motion  of  the  particles  among 
themselves,  so  that  a  liquid  takes  the  form  of  the  vessel 
containins:  it. 

When  a  sul>stance  is  in  the  solid  condition,  its  mole- 
cules ai-e  not  oixlinarily  at  liberty  to  alter  their  relative 
positions.     As  a  result,  a  solid  has  a  definite  form. 

133*  Avc^adro's  Hypothesis.  — Another  assumption 
reg-aixling  molecules  is  of  great  importance,  'V'iz.,  that  in 
equal  volumes  of  all  gaseous  suhstaneeSy  at  the  same  tern- 
perafure  and  pressurey  there  is  practically  the  same  number 

of  molecules. 

This  is  the  hyptithesis  enunciated  by  Avogadro,  an  Italian 
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physicist,  in  1811,  and  by  Ampbre  in  1814.  It  was  originally 
assumed  to  explain  the  similarity  in  the  physical  properties  of 
all  gases,  and  now  seems  so  probable  that  it  serves  as  a  basis  of 
chemical  reasoning.  Only  by  some  such  assumption  can  the 
laws  of  Boyle  and  of  Charles  be  explained  m  a  reasonable  way. 

134.  Explanation  of  Diffusion.  —  Having  in  mind 
the  molecular,  or  particle,  theory  of  matter,  we  are  able 
to  explain  many  common  plienomena  in  an  intelligent 
manner.  At  the  present  time  we  shall  confine  our- 
selves to  diffusion^  or  solution  (^cf,  §  55). 

In  the  case  of  gases,  diffusion  takes  place  to  an  unlhiv- 
ited  extent,  because  the  molecules  are  so  far  apart  that 
there  is  practically  no  resistance  to  the  passage  of  other 
particles  between  them. 

An  illustration  is  the  mixing  of  the  gases  composing  the  air. 

In  the  case  of  liquids,  however,  there  is  considerable 
i-esistance  to  diffusion,  hence  the  amount  of  diffusion 
is  usually  limited.  Thus,  when  ether  and  water  are 
mixed,  ether  dissolves  in  water,  and  water  in  ether,  up 
to  a  certain  limit. 

Solids  diffuse  into  other  solids  very  slowly,  and  then- 
only  under  great  pressure.  An  interesting  case  of  solid 
diffusion  is  the  formation  of  the  alloy  solder  from  its 
constituents  toithout  melting. 

In  Spring's  experiments,  lead  and  tin  were  subjected  to  a 
pressure  of  about  six  thousand  atmospheres  in  steel  molds. 
Under  these  conditions  the  solids  diffused  into  each  other,  as 
gases  do  at  ordinary  pressure.  The  solder  thus  made  has  the 
^^ame  properties  as  that  obtained  by  fusion. 
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135.  Diffusion  of  Gases  and  of  Liquids.  —  When 
layers  of  gases  are  brought  over  each  other,  the  gases 
do  not  permanently  adjust  themselves  according  to  their 
relative  densities,  but  mix  with  each  other  until  any  given 
volume  of  the  mixture  contains  the  same  amount  of 
each  gas  as  every  other  equal  volume.  Thus,  if  a  jar 
of  hydrogen  is  placed,  mouth  downward,  over  a  jar  of 
carbon  dioxide  turned  mouth  upward,  and  the  junction 
between  the  jars  is  made  close^  some  of  the  carbon  di- 
oxide will  ascend^  against  gravity^  into  the  upper  jar,  and 
some  of  the  hydrogen  will  de%cend  into  the  lower  one. 

This  is  due  to  the  fact  that  the  particles  of  carbon  dioxide 
having  the  greatest  energy  detach  themselves  from  the  layer 
of  this  gas  and  enter  that  of  the  hydrogen.  In  the  same  way, 
those  particles  of  hydrogen  which  have  the  greatest  energj- 
leave  tlieir  proper  layer  and  enter  that  of  the  carbon  dioxide. 
Tims  a  mixture  is  formed,  first  at  the  plane  of  contact  between 
the  two  layers,  but  gradually  extending  through  the  whole 
mass  of  the  gases. 

There  is  no  reason  to  suppose  that  diffusion  ever  ceases  in 
such  a  mixture. 

The  rate  at  wliich  diffusion  takes  place  is  very  differ- 
ent in  the  case  of  different  paii*s  of  gases.  This  may  be 
illustrated  by  the  diffusion  of  bromine  vapor  in  air  and 
in  hydrogen.  If  a  drop  of  bromine  is  placed,  in  each  of 
tvvo  small  watch  glasses,  and  one  watch  glass  is  covered 
with  a  tall  jar  of  hydrogen  and  tlie  other  with  a  jar  of 
air,  bromine  will  rise  in  both,  against  gravity^  but  much 
more  nipidly  in  one  Uian  in  the  other. 
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Diffusion  takes  place  in  the  same  way  between  two  liquids, 
and  between  solvents  and  solutions,  but  it  is  slower  in  these 
cases  than  with  gases. 

136.  Solution  of  Gases  in  Liquids.  —  When  a  layer 
of  a  gas  is  brought  over  a  liquid,  e.g,^  air  over  water,  gas 
particles  dissolve  in  the  liquid,  and,  on  the  other  hand, 
gas  particles  that  were  dissolved  leave  the  li(iuid,  until 
a  condition  of  equilibrium  is  reached  at  which  as  many 
gas  particles  enter  the  liquid  in  a  given  time  as  leave  it 
in  the  same  time. 

Similarly,  the  energy  of  some  of  the  particles  of  the 
liquid  causes  them  to  leave  the  liquid  surface,  and  to 
enter  the  gas  above,  until  as  many  particles  of  the  vapor 
of  the  liquid  return  to  the  liquid  in  a  given  time  as  leave 
it  in  the  same  time. 

If  the  gas  layer  above  the  liquid  is  in  motion^  as  wlien 
a  current  of  air  passes  over  water,  this  condition  of 
equilibrium  is  never  reached;  hence  the  water  evapo- 
rates. 

The  explanation  of  efflorescence  and  deliquescence  (cf.  §  5;^) 
is  found  here.  The  efflorescence  of  a  solid  is  due  to  the  fact 
that  the  crystal-water  of  the  solid  has  a  greater  vapor  tension 
(cf.  §§44  and  130)  than  that  of  the  water  of  the  atmosphere. 
Deliquescence,  on  the  contrary,  is  due  to  the  fait  that  the  water 
which  the  deliquescent  substance  has  a])sorbed  from  the  air 
has  a  smaller  vapor  pressure  than  that  of  the  water  of  the  air 
Hence  moisture  is  added  to  the  substance. 

137.  Solution  of  Solids  in  Liquids.  —  A  solid  dis- 
solves in  a  liquid  as  a  gas  does.     The  energy  of  the 
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particles  of  the  solid  causes  them  to  leave  the  surface  of 
the  solid  and  to  enter  the  solvent.  At  the  same  time 
there  is  a  constant  return  of  particles  that  have  dis- 
solved, to  the  solid  state.  These  two  operations  go  on 
until  there  are  as  many  dissolved  particles  becoming 
solid  in  a  given  time  as  there  are  solid  particles  being 
dissolved  in  the  same  time. 

When  this  condition  of  equilibrium  has  been  reached, 
the  solution  is  saturated,  not  because  no  further  diffu- 
sion between  solid  and  liquid  goes  on,  but  because  fur- 
ther action  cannot  affect  either  the  mass  of  undissolved 
solid  or  the  concentration  of  the  solution. 

The  gradual  solution  of  a  solid  may  be  illustrated  by  putting 
some  solid  potassium  permanganate,  KMn04,  into  a  deep  bot- 
tle of  water  and  leaving  the  vessel  covered  and  undisturbed  for 
some  time. 

Since,  in  the  solution  of  a  solid  in  a  liquid,  the  par- 
ticles that  get  atvay  from  the  solid  are  those  having  the 
greatest  energy,  the  addition  of  heat  should  aid  solution 
by  giving  more  particles  sufficient  energy  to  enable 
them  to  leave  the  solid.  This  is  the  case ;  for  the  solu- 
bility of  most  solids  increases  with  rise  of  temperature. 
If  the  heat  required  is  not  furnished  from  an  outside 
source,  it  comes  from  the  solvent.  Hence  the  dissolv- 
ing of  solids  usually  causes  a  reduction  of  temperature. 

138.  Osmotic  Pressure.  —  We  can  observe  and 
measure  the  tendency  of  the  particles  of  a  dissolved 
ftubstance  to  diffuse  through  a  solution   by  preventing 
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the  diffusion.  To  do  this,  we  use  a  cell  which  permits 
the  solvent  to  pass  through  its  pores,  but  does  not 
allow  the  dissolved  substance  to  get  through.  Siich  a 
cell  is  said  to  he  semi-permeable.  The  pellicles  of 
most  organic  cells,  many  animal  membranes,  and  certain 
inorganic  substances,  e.  g.^  copper  ferrocyanide,  have  this 
propei-ty  of  semi-permeability. 

To  illustrate :  If  a  solution  of  sugar  in  water  fills  a  semi- 
permeable cell,  and  the  cell  is  attached  by  a  water-tight 
joint  to  a  long  glass  tube  and  then  immersed  in  pure  water, 
there  will  be  a  very  noticeable  rise  of  the  solution  in  the 
glass  tube.  The  height  to  which  the  liquid  in  tlie  tube 
rises  above  the  level  of  the  water  outside  the  cell  indicates 
how  much  the  pressure  inside  the  cell  exceeds  the  atmos- 
pheric pressure  at  the  time  of  the  experiment.  This  excess 
of  pressure  is  due  to  the  sugar  particles  in  the  cell,  and  is 
called  the  osmotic  pressure  of  the  solution. 

What  happens  when  the  cell  of  sugar  solution  is  im- 
mersed in  pure  water  is  that  water  from  without  enters 
the  cell  until  the  pressure  of  the  water  within  and  with- 
out is  the  same,  viz.,  one  atmosphere.  The  sugar  parti- 
cles, however,  not  being  able  to  diffuse  out  through  the 
semi-permeable  wall  of  the  cell,  add  their  pressure  to 
that  of  the  water,  and  force  the  liquid  up  the  tube. 

139.  Laws  of  Osmotic  Pressure.  —  If  the  strength 

of  the  solution^  i.  e.,  iihe  number  of  particles  of  dissolved 
substance  in  a  given  volume  of  the  solution,  is  increased^ 
tlie  osmotic  pressure  increases  proportionally.     Since  the 
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strength  of  a  solution  means  the  same  as  density  in  the 
case  of  gases,  we  see  that  the  osmotic  pressure  of  a  solu- 
tion corresponds  to  gaseous  pressure  ;  for  the  latter,  as  we 
learned  in  §  127,  is  proportional  to  the  density. 

Moreover,  the  osmotic  pressure  of  a  solution  increases 
proportionally  to  the  absolute  temperature^  as  in  the  case 
of  gaseous  pressure  (^cf  §  128). 

Substances  in  dilute  solution  have,  therefore,  many  of  the 
properties  which  they  would  have  if  they  were  gases  and  had 
a  volume  equal  to  that  of  the  solution. 

140.  Exercises. 

I.  AVhat  will  be  the  volume  at  0°  C:  of  a  mass  of  gas  which 
at  20°  C.  has  a  volume  of  102  c.c? 
■  ,^2.  How  many  c.c.  of  a^'gas  measured  at  28°  C.  are  required 

to  fill  a  50  c.c.  eudiometer  at  0°  C? 

3.  One  liter  of  air  at  15°  C.  will  have  what  volume  at 
25°  C? 

^4.  A  mass  of  air  measures  70  c.c.  when  the  barometric 
lieight  is  740  mm.  K  the  temperature  remains  constant,  what 
volume  ought  the  air  to  have  when  the  barometer  reading  is 
760  mm.?     When  it  becomes  650  mm.? 

5.  AVhat  will  be  the  volume  at  800  mm.  of  a  quantity  of 
nitrogen  which  at  730  mm.  measures  1.2  liters? 
^-6.  A  quantity  of  hydrogen  which  measures  45  c.c.  at  18°  C. 
and  730  mm.  will  have  what  volume  at  0°  C.  and  760  mm.? 

7.  90  c.c.  of  air  at  20°  C.  become,  when  heated,  150  c.c. 
To  what  temperature  was  the  air  heated? 

8.  A  gas  measures  20  liters  at  10°  C.  and  760  mm.  pressure. 
What  volume  will  it  have  at  30°  C.  and  720  mm.? 

9.  The  weight  of  a  liter  of  nitrogen  at  standard  conditions 
being  about  1.25  grams,  that  of  1  liter  of  hydrogen,  .09  grams, 
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and  that  of  1  liter  of  chlorine,  3.18  grmns,  what,  upon  the  basis 
of  Avogadro**8  hypothesis,  are  the  relative  weights  of  the  mole- 
cules of  nitrogen,  hydrogen,  and  chlorine  ? 

10.  If  in  Problem  9  we  call  the  weight  of  the  hvdrojjen 
molecule  2,  what  will  be  the  relative  weights  of  the  molecules 
of  nitrogen  and  chlorine  ? 
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AMMONIA. 


141.  Existence^  —  Ammonia  is  found  in  nature  in 
Very  small  quantities.  As  already  stated  {cf,  §  112) 
electric  discharges  in  moist  air  produce  ammonia,  nitrous 
acid,  and  nitric  acid;  consequently  ammonia  and  its 
compounds,  ammonium  nitrite  and  ammonium  nitrate, 
are  found  in  the  atmosphere  and  in  rain  water. 

Small  amounts  of  ammonium  compounds  are  found 
in  plants  and  in  animal  seci'etions. 

142.  Laboratory  Method  of  Preparation.  —  In  the 

laboratory,  ammonia  gas  may  be  made  either  (1)  by 
heating  an  ammonium  salt  with  slaked  lime,  or  (2)  by 
warming  concentrated  ammonium  hydroxide  solution. 
The  first  method  is  generally  carried  out  as  follows :  — 

About  equal  parts  of  an  ammouium  salt,  e.  gr.,  the  chloride  or 
the  sulphate,  and  slaked  lime  are  mixed  together  in  a  flask,  just 
enough  water  being  added  to  make  a  thick  paste..  The  flask 
is  connected,  as  shown  in  Fig.  32,  with  bottles  containing  water. 
None  of  the  connecting  tubes,  except  the  last,  dips  below  the 
surface  of  the  water. 

When  the  generating  flask  is  heated,  the  evolved  ammonia 
charges  the  water  of  the  collecting  bottles,  forming  ammonia 
water.  The  first  bottle,  especially,  wUl  show  a  rise  of  tempera* 
ture  and  an  increase  of  volume. 

136 
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K  the  gaa  evolved  from  the  flask  is  passed  through 
bottlea  or  U-tubes  filled  with  quicklime  or  with  solid 
sodium  htfdroaide,  it  may  be  used  for  studying  the  prop- 
erties of  dry  ammonia. 


The  second  metbod  for  producing  ammonia  gas  is 
more  convenient.  It  consiats  simply  in  heating  a  Buiall 
amount  of  concentrated  ammonium  hydroxide  solution. 
Much  ammonia  gas  is  evolved,  and  may  be  dried  in  the 
usual  way. 

Calcium  chloride  may  not  be  used  to  diy  ammonia,  for  the 
reason  that  ammonia  and  calcium  chloride  form  a  crystalline 
compound  of  the  formula  CaCl,.  6  NHj. 
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The  reaction  between  slaked  lime  and  ammonium 
chloride  is  represented  by  the  equation,  — 

2  NH^Cl  +  Ca(0H)2 »  CaCl^  +  2  NH^OH. 

The  ammonium  hydroxide  breaks  up  readily  into  am- 
monia  and  water,  — 

NH4OH >  NH3  +  H^O. 

143.  Commercial  Sources  of  Ammonia.  —  The  two 

chief  sources  of  ammonia  are :  — 

(1)  The  dry  distillation  of  animal  matter  (bones, 
skin-products,  etc.). 

(2)  The  dry  distillation  of  soft  coal. 

Formerly  all  ammonia  and  all  ammonium  compounds 
were  made  by  the  dry  distillation  of  animal  matter; 
hence  the  name  "spirits  of  liartshom,"  ^^ spirit ^^  mean- 
ing a  distillate,  and  ^^hart^^  being  a  general  term  for 
"  deer,"  etc.  The  horns,  bones,  hoofs,  hides,  hair,  etc., 
of  animals  contain  nitrogenous  bodieis,  which  give  much 
ammonia  when  heated  with  quicklime  without  access  of 
air. 

This  method  is  used  in  many  places,  especially  since  the  old 
method  of  making  illuminating  gas  has  been  abandoned,  to 
convert  into  a  valuable  product  almost  worthless  scraps  of  ani- 
mal matter. 

The  most  common  source  of  ammonia  for.  many  years 
has  been  the  wash  liquors  of  the  gas  works.  Ulumina- 
ting  gas  is  made  in  the  old  process  by  the  dry  distillation 
of  soft  coal.    At  first  it  contains  many  impurities,  among 
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them  ammonia,  hydrogen  sulphide,  and  carbon  dioxide ; 
these  are  removed  by  passing  the  gas  tlirough  water. 
When  the  wash  water,  containing  ammonium  sulphide, 
ammonium  carbonate,  etc.,  is  heated  with  slaked  lime, 
ammonia  gas  is  evolved. 

Ammonia  comes  into  the  market  as  ammonia  water 
(ammonium  hydroxide),  as  ammonium  salts,  and  also  in 
the  liquid  state.  To  produce  anmionium  salts  we  treat 
ammonia  water  with  acids  until  the  solution  is  neutral, 
and  then  evaporate  the  water. 

Thus,  ammonium  chloride  (sal  ammoniac)  results  when  the 
neutralized  solution  of  ammonium  hydroxide  and  hydrochloric 
acid  is  evaporated  ;  ammonium  nitrate  and  sulphate  are  formed 
if  nitric  acid  and  sulphuric  acid,  respectively,  are  used. 

The  equations  representing  the  formation  of  these  salts  are 
as  follows  :  — 

NII4OII  +  IICl  =  NII4CI  +  IT/). 

NII4OII  4-  IINO3  =  NIT.XOg  +  IT/). 

2  NH^OH  +  II2SO4  =  (NITJ2SO4  +  2  IT/). 

144.  Physical  Properties.  —  Ammonia  is  a  colorless 
gas  of  characteristic  odor.  One  liter  of  it  under  stand- 
ard conditions  weighs  0.762  grams;  ammonia  is  there- 
fore 0.59  as  heavy  as  air. 

Anmaonia  gas  is  very  soluble  in  water,  1  c.c.  of  water 
absorbing,  at  standard  conditions,  1,1 4G  c.c.  or  0.873 
gram  of  the  gas.  The  specific  gravity  of  a  35^-  solu- 
tion at  15°  C.  is  about  0.88 ;  that  of  the  so-called  28° 
Beaume  solution  is  about  0.90. 
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Dry  ammonia  rushes  into  cold  water  as  into  e 
is  lilcewise  very  soluble  Id  alcohol  and  in  ether.     Charcoal  c 
take  up  under  favorable  coiiditiims  about  ninety  times  its  o\ 


145.  Liquefaction  of  Ammonia.  —  The  critical  tem- 
perature of  ammonia  is  far  above  the  ordinary  tempera- 


ture, hence  the  gas  may  be  liquefied  by  pressure.  A 
Kinij;jle  tippaiutus  for  condensing  ammonia  is  shown  in 
Kg.  33. 

A  small  amount  of  the  compound  which  silver  chloride 
forms  with  ammonia,  viz.,  AgCl.  2  NH,,  is  placed  in  tlie 
rounded  end  of  the  bent  tube.  Tlie  tube  is  then  sealed,  an<i 
the  end  eontitining  tlio  silver  tunmoniuni  compound  is  warmed 
in  a  watur  liafh,  while  the  drawn-out  end  is  cooled  in  a  freezing 
mi;(turc.  Tlie  componnd  containing  the  ammonia  is  tlius  de- 
composed, and  the  ammonia  is  condensed  in  the  drawn-out  end. 

lji(^uid  aimnodia  is  iilMiut  0.0  as  lieavy  as  water.  It 
boils  lit  — 40°  C.  under  ordinary  pressure,  and  freezes 
at  —75°  C. 

146.  Liquid  Ammonia  as  a  Refrig^ating  Agent.  — 
The  chief  use  of  liquid  ammonia  is  as  a  refrigerating 
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agent,  and  to  produce  artificial  ice.  For  this  pur[M>se 
gaseous  ammonia  (produced  by  heating  animouiu  water) 
13  condensed  to  the  liquid  state,  and  tlie  liquid  ammo- 
nia is   then  allowed  to   evaporate    rapidly.     The    heat 

necessary  for  the  vaporization  of  the  ammonia  is  absorbed 

from  the  body  to  be  cooled. 
•■  "  Water  Supply 
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The  appai'atus  sliown  in  Fig.  34  gives,  in  principle, 
the  construction  of  a  refrigerating  system. 

The  compression  eiigme  forces  giwiroiis  aiiin'Oiiia  into  con- 
dousing  pipes  under  so  great  a  presHure  that  tlie  luiiiiioiiia  is 
iiq^uefied.  The  condetiaing  pipes  are  tooled  by  streiniiB  of 
watur.  The  lEquiil  ammonia  ia  tlieii  allowed  to  cxpniKl  in  an- 
other system  of  pipes  Biirromided  hy  brine  (roncentratcd  salt 
solution)  ;  as  a  result  the  brine  is  cooled  to  a  little  ahove  its 
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Xi'Btziug    imiut,   wliiuh   is  — 21°  C.     When    tanks   contaiiii 
watur  are  placed  iu  the  cold  salt  solutiou,  the  water  k  frozen. 

Instead  of  aramonia,  liquid  sulphur  dioxide,  liquid 
carbon  dioxide,  compressed  air,  etc.,  are  often  used  to 
produce  artificial  ice. 

147.  Chemical  Properties.  —  Ammonia  does  not 
bum  in  the  air,  but  it  bums  I'eiidily  in  oxygen.  The 
products  are  cliiefly  nitrogen  and  water,  according  te 
the  equation, 

2NH3  +  3  O »3  H3O  +  N2. 

Ohhrine  reacts  energetically  with  ammonia,  fonning 
nitrogen  and  hydrochloiic  acid.     The  equation  is, 

2NH3  +  3  CI3 ►Na  +  6IIC1. 

If  tlie  Hinniouia  is  present  in  excess,  the  hydrochloric  jurid 
unites  with  some  of  it,  forming  amniouium  chloride.  The  com- 
plete equation  is,  therefore, 

S  Nlla  +  -i  CI3 •  (5  NH^Cl  +  Nj. 

A  similar  reat^tion  ot-curH  between  ammonia  and  bromine. 

Ammonia  gas  and  hifdroi-Moriu  acid  fftie  unite  in  ei/uil 
proportiong  by  volume  to  form  solid  ammonium  chloride. 


148.  Ammonium  Compounds.  —  In  the  compounds 

which    ammonia    forms    with   hydrochloric   acid, 

acid,  sulphuric  arid,  and  water,  the  ammonia  and  the 

other  substance  are  united  directly.     The  resulting  suh- 
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stances,  ammoniiim  cliloride  (NH^Cl),  ainmoiiiuiii  nitrate 
(XH^NOg),  ammonium  sulphate  [fNIl4).2^^\]»  ^"^ 
ammonium  hydroxide  (XH^OII^,  might  lie  called  "am- 
monia hydrocldorate,  hydronitrate,"  etc.,  but  are  not. 
Instead,  they  are  looked  upon  as  compounds  of  the 
(jroup  of  elements,  NH^,  with  the  element  CI  and  the 
ludicals  NOg,  SO^,  and  OH.  They  are  therefoi-e  called, 
as  above,  ammonium  chloride,  nitrate,  etc. 

The  group  NH^  has  not  been  isolated,  since  it  br*.-aks 
up  immediately  (c/.  §  379^  into  ammonia  aiul  hydr<>- 
gen ;  but  its  compoimds  are  so  like  thr>se  of  many  metals 
that  the  group  is  called  a  metalUe  radkaL 

To  what  extent  ammonium  resembles  the  metals  sf>- 
dium  and  potassium  will  be  seen  by  a  comparison  of  some 
of  its  compounds  with  the  corresponding  comjKiunds  of 
these  two  metals.  The  formulas  of  some  of  thes<5  com- 
pounds are  given  below. 


AXMOMIL'M. 

S^IIilUM. 

r'/iA««tii;M. 

Chloride. 

NH4CI 

NaCl 

\i(A 

Nitrate. 

KH4XO,            ! 

1 

NaSO, 

KNO. 

Sulphate. 

CNH,),SO.         1 

SaOII 

NaXO, 

Na.PO, 

j:,so, 

Hydroxide. 

NII4OII 

KOII 

Carbonate. 

(XHJ,CO, 

K/.0, 

Phosphate. 

(SH,)TO. 

K.I'O^ 
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149.  Dissociation  of  Ammonium  Compounds.  —  All 

ammonium  compounds  decompose  readily,  liberating 
ammonia,  but  the  temperature  of  dissociation  varies 
greatly  in  dififerent  cases. 

Thus,  the  union  of  ammonia  with  water  in  ammonium  hy- 
droxide is  so  weak  that  ammonium  hydroxide  cannot  be  iso- 
lated, although  it  is  probably  present  in  an  aqueous  solution  of 
ammonia. 

The  ammonium  salts  are  more  stable  than  the  hydrox- 
ide, but  even  these  decompose  readily. 

Ammonium  chloride,  for  example,  dissociates  completely  at 
350°  C.  into  ammonia  and  hydrochloric  acid  ;  above  350°  C, 
therefore,  ammonium  chloride  cannot  exist. 

When  the  substance  with  which  the  ammonia  is  com- 
bined is  not  volatile  at  the  temperature  of  dissociation, 
the  heatings  of  an  ammonium  compound  simply  causes 
ammonia  to  be  liberated. 

Thus,  ammonium  pKoaphate  breaks  up  when  heated  into 
ammonia  and  phosphoric  acid.  Here  the  ammonia,  being  gase- 
ous, escapes  ;  but  the  non-volatile  phosphoric  acid  remains 
behind. 

If,  liowever,  the  substance  witli  which  the  ammonia 
is  united  is  volatile  at  the  temperature  of  •  dissociation, 
the  ammonium  ^'At%uhrimes. 

By  sublimation  we  mean  the  distillation  of  a  solid. 

This  is  the  casewitli  ammonium  chloride  ;  heat  breaks  it  up 
into  ammonia  a^^^»drochloric  acid,  but  both  these  sub- 
stances being  vollB^they  i)ass  olf  together  and  unite  again 
when  cold  to  form  solid  annnonium  chloride. 


SYNTHESIS  OF  AMMONIA.  145 

Tliis  dissociation  of  ammonium  compouncbs  explains 
the  libemtion  of  ammonia  from  ammonium  salts  by 
"strong"  bases.  When  ammonium  chb)ricle,  for  ex- 
ample, and  slaked  lime,  Ca(0H)2,  are  heated  t^»gether, 
the  ammonium  chloride  is  dUHociated  into  ainmoniii  and 
hydrochloric  acid,  just  as  when  it  is  heat(Ml  by  itself. 
The  slaked  lime,  however,  ^^ fixes  "  the  acitl  by  fonning 
with  it  calcium  chloride  and  water  (rf,  §  14:^^.  As  a 
result,  only  ammonia  and  some  water  pass  off,  calcium 
chloride  remaining  behind. 

Similar  reactions  occur  when  sodium  liydroxide,  iiotas.siuin 
liydroxide,  etc.,  are  used  in  place  of  slaktid  lime. 

150.  Composition  of  Ammonia.  —  Annnonia  cr)ii- 
sists  of  nitrogen  and  hydrogen  united  in  the  propoitioii, 
by  weight,  of  14  parts  nitrogen  to  3  parts  hydrogen. 
This  fact  is  indicated  by  the  foiiinila  NII3. 

The  volumetric  composition  of  anmionia  may  Ikj 
proved  in  several  ways  :  — 

(1)  By  synthesis  from  nitrogen  and  hydrogcjn. 

(2)  By  the  action  of  chlorine  on  annuonia. 

151.  Synthesis  of  Ammonia  from  Nitrogen  and 
Hydrogen.  —  If  tlie  two  gases,  nitrogen  and  hydrogen, 
mixed  in  the  proportion  of  1  volume  of  nitrogen  to  '^ 
of  hydrogen,  are  subjected  to  the  electric  discliaigc*, 
they  combine  in  part  to  fonn  ammonia  ;  the  union  can- 
not, however,  be  made  complete^  no  matter  how  long  the 
"sparking"  is  continued.  This  itil^^mo  the  fact  that 
a  point  is  soon  reached  at  which  a?lnuch  of  the  am- 
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monia  is  decomposed  in  a  given  time  as  is  formed  in 
the  same  time  by  the  union  of  nitrogen  and  hydrogen. 
To  make  the  combination  complete  it  is  necessary  to 
remove  the  ammonia  as  fast  as  it  is  formed. 

This  may  be  done  by  ''sparking"  the  mixture  of  nitrogen 
and  hydrogen  over  some  substance,  e.  {7.,  sulphuric  acid,  capa- 
ble of  absorbing  the  ammonia.  Under  these  conditions  all  of 
the  nitrogen  and  hydrogen  disappears. 

It  is  thus  proved  that  1  volume  of  nitrogen  unites 

with  3  volumes  of  hydrogen  to  form 
ammonia.  The  union  is  accompanied 
by  a  shrinkage  in  volume^  4  volumes  of 
the  mixed  gases  becoming  2  volumes 
of  ammonia. 

152.  Action  of  Chlorine  on  Am- 
monia.—  Since  1  volume  of  chlorine 
unites  with  1  of  hydrogen  (cf.  §  94), 
the  relation  of  nitrogen  to  hydrogen 
can  be  obtained  readily  if  that  of  nitro- 
gen to  chlorine  can  be  established.  For 
this  purpose  we  make  use  of  the  known 
action  of  chlorine  upon  ammonia  (^ef. 
§  147).  The  experiment  is  carried  out 
FIG.  35.  as  follows:  — 


» 


#0    . 


U 


A  Hoffmann  tube  (Fig.  35)  is  filled  first 
with  a  saturated  solution  of  sodium  chloride  in  water,  and  then, 
by  displacement  of  the  salt  solution,  with  chlorine. 

The  stopcock  is  then  closed,  and  the  cup  above  the  stop- 
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r«x-k  is  fille<l  with  conrt-nt rated  animoniinn  liv<lro.\i«l'*  >nlmi«»n. 
The  latter  i«  now  run.  drop  by  drop,  iiiti>  the  chlinin*-,  vnrv 
beinir  taken  that  no  air  enters  and  no  chlnriiio  esrapi«s.  A 
llash  of  li*rht  will  be  seen  when  the  tirst  drops  of  ainnioiiia 
wat«:fr  are  introduced. 

When  almost  all  of  the  ammonia  water  hiiii  ])eeii  run  in, 
the  stopox'k  is  closed  and  the  cup  is  filled  witli  water.  TIio 
cup  is  now  connected,  bv  means  of  a  tube  lilled  wiili  watiT. 
with  a  beaker  of  dilute  sulphuric  acid,  tlie  stopcork  is  niraiii 
ojiened,  and  the  water  and  dilute  acid  are  allowed  to  vuivr  un- 
til the  pressures  inside  and  outside  the  tube  are  eipialized. 

The  inlje,  irhich  was  full  of  rhhrinc.  will  nntr  he  one-third  f'tfU 
of  nitrogen.     Hence. — 

Volume  of  nitrogen  :  volume  of  chlorine  ::  1  ;  .'> ;  whome 

Volume  of  nitrogen  :  volume  of  hydroiren  ::    I  ;  ,'). 


153.  Exercises. 

^i.  How  many  grams  of  ammonia  gas  can  ])o  made  bv  Iieat- 
ing  KX)  grams  ammonium  chloride  with  slaked  lime  ?  IIuw 
nianv  liters  at  0°  C.  and  760  mm.  ? 

^,^2.  AMiat  weight  of  ammonium  suljdiate  is  riM](iinMl  to  i^ivt', 
with  lime,  20  liters  of  annnonia  gas  when  one  Jitor  of  ainnioiiia 
weighs  0.77  grams  ? 

^3.  AMiat  weight  of  slaked  lime,  ('a(^>H).„  is    necessary  to 
decompose  50  grams  amuKmium  nitrate?     JIow  main   "rains 

ft 

ammonia  will  be  formed  ? 

4.  May  concentrated  sulphuric  acid  ])o  used  to  dry  annuo- 
nia  gas  ?     Why  ? 

5.  How  could  you  separate  a  mixture  of  the  gases  annnonia, 
oxygen,  and  nitrogen  so  as  to  get  the  proportionate,  amounts  of 
vsLL-h  in  the  mixture  ? 

6.  AVhat  would  be  the  volume  of  each  of  the  resulting  <'-ase8 


148  AMMONIA. 

if  500  c.c.  of  ammonia  gas  were  completely  decomposed  into 
its  constituents  ? 

7.  IIow  many  cubic  centimeters  of  oxygen  will  be  required 
to  unite  exactly  with  the  hydrogen  produced  by  the  complete 
decomposition  of  100  c.c.  of  ammonia  gas  ? 


CHAPTER  XIL 
IHTROGEN  ACIDS  AND  OXIDES. 

154.  Nitric  Acid.  —  Nitric  acid  is  one  of  the  most 
important  substances  known  to  Chemistry.  It  has  been 
in  use  since  the  time  of  the  eariy  alchemists,  but  its  true 
nature  was  not  understood  until  the  latter  part  of  the 
eighteenth  century. 

During  the  Middle  Ages  nitric  acid  was  made  by  the 
distillation  of  a  mixture  of  alum,  blue  vitriol,  and 
niter. 

Alum  is  potassium  aluminum  sulphate  pZw.s  crystal-water 
[KgSO^,  Al2(S04)g,  24  IlgO],  and  blue  vitriol  is  cupric  sulphate 
jjhis  crj^stal-water  (CUSO4.  5  IlgO)  ;  by  the  dry  distilhition  of 
these  substances  sulphuric  acid  was  set  free.  This  with  the 
niter  (KNO3)  g^-ve  nitric  acid. 

^55'  Commercial  Preparation.  —  At  the  present  time 

nitric  acid  is  made  on  a  large  scale  hy  heating  sodium 
nitrate  with  concentrated  sulphuric  acid.  The  operation 
Ls  earned  out  in  large  iron  retorts;  and  the  vapors 
evolved  are  condensed  in  a  system  of  earthenware  jars. 
Tlie  resulting  liquid  is  redistilled. 

In  this  way  there  is  obtained  an  acid  of  specific  gravit}-  1.4 ; 
its  boiling  point  is  120°  to  121°  C.  This,  the  '•  commercial "  grade 
of  nitric  acdd,  is  Only  68%,  by  weight,  nitric  acid.  The  remain- 
der is  water. 

149 
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156.  Laboratory  Method. — In  the  laboratory,  nitric 
acid  is  commonly  made  by  heating  potassium  nitrate 
with  concentrated  sulphuric  acid  in  a  retort  or  distilling 

bulb   connected   with  a 

j^  condenser.     The  con- 

jj  denser  may  be  a  test  tube 

//^^=5:^>;^  partly    immersed     in 

/^  \         ^^^^^^^^:5>v5^  water,   as    in    Fig.    36. 

When  no  more  acid  dis- 
tills  over,    the    flask   is 
Fig. 36.  allowed    to   cool;  the 

other   product   of   the 
reaction,  potassium  hydrogen  sulphate   (KHSO^),  then 
crystallizes  out  in  the  form  of  long,  white  needles. 
The  equation  for  the  reaction  is,  — 

KNO3  +  112*^04 »  KHSO4  +  HNO3. 

101  98  130  63 

For  the  reaction  between  sodium  nitrate  and  sul- 
plniric  acid  tlie  equation  is,  — 

NaXOg  +  II2SO4 »  NaHSO^  +  TD>^0^. 

157.  Preparation  of  Nitric  Acid  Compared  with 
that  of  Hydrochloric  Acid.  —  The  preparation  of  nitric 
acid  resembles  that  of  hydrocliloric  acid.  In  eacli  case 
the  acid  is  set  free  from  its  salts  by  sulphuric  acid,  not 
because  sulphuric  acid  is  stronger  than  the  acid  it  dis- 
places, but  because  liydrochloric  acid  and  nitric  acid  are 
volatile^  and  are,  tlierefore,  removed  from  the  "field  of 
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action."  As  a  result,  the  reaction  goes  on  until  practi- 
cally complete  (c/.  §  151). 

In  each  of  these  cases  only  haJf  of  the  hydrogen  of  sulpluiric 
acid  is  replaced  by  the  metallic  element.  If  the  temperature 
is  raised  considerably,  a  second  portion  of  sodium  nitrate  will 
react  with  the  sodium  hydrogen  sulphate  formed,  giving  normal 
sodium  sulphate  and  a  second  portion  of  nitric  acid,  according 
to  the  equation, 

NaNOg  +  NaHSO^  =  KagSO^  +  IllS^Og. 

In  the  treatment  of  sodium  chloride  with  sulphuric  acid  on 
a  commercial  scale,  this  second  reaction  is  actually  carried  out, 
because  the  compound  !N'a2S04  is  wanted.  In  the  preparation 
of  nitric  acid,  however,  the  second  reaction  is  of  no  advantage, 
since  the  high  temperature  necessary  decomposes  the  nitric 
acid. 

158.  Properties  of  Nitric  Acid. — Commercial  nitric 

acid  is  dehydrated  by  distilling  it  with  concentrated  sid- 
pliuric  acid.  The  anhydrous  acid  (the  best  yet  made  was 
probably  99.8^  pure)  is  a  thick,  colorless  oil  of  specific 
gravity  1.56.  It  begins  to  distill  at  86°  C,  but  breaks 
up  to  a  certain  extent  into  otlier  compounds.  The 
equation  for  its  decomposition  is,  — 

2  HNOg >  2  NO2  (or  N^O^)  +  II2O  +  O. 

Nitrogen  dioxide  is  a  brown  gas  which  dissolves  readily  in 
nitric  acid  ;  hence  anhydrous  nitric  acid  that  has  been  distilhnl 
has  a  brown  color.  This  color  ma}^  be  removed  by  bubbling 
air  through  the  liquid. 

The  same  decomposition  of  nitric  acid  takes  place  in  the 
light  (very  rapidly  in  sunlight)  ;  hence  the  nitric  acid  of  reagent 
bottles  soon  becomes  brown. 
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When  the  vapors  of  nitric  acid  are  passed  through  a 
hot  tube  they  are  completely  decomposed  into  nitrogen 
dioxide,  water,  and  oxygen. 

As  an  acid,  nitric  acid  neutralizes  solutions  of  bases, 
forming  ^vith  them  nitrates  and  water,  just  as  hydrocliloric 
acid  forms  clilorides  and  water. 

Thus,  if  potassium  iiydroxide  solution  is  treated  with  dihite 
nitric  acid  until  neutral,  and  the  solution  is  evaporated,  potas- 
sium nitrate  will  be  obtained.     The  equation  is, — 

KOH  +  IIXOs  =  KXO3  +  HgO, 

159.  Action  of  Nitric    Acid    upon  Metals.  —  The 

tendency  of  nitric  acid  to  break  up  into  oxides  of  nitro- 
gen and  fi-ee  oxygen  {cf.  §  158)  determines  its  general 
chemical  iKdiavior;  for  nitric  acid  is  not  only  a  strong 
acid,  but  a  powerful  oxidizing  agent.  When,  therefore, 
we  compare  the  action  of  nitric  acid  upon  metals  with 
tliat  of  hydrochloric  and  dilute  sulphuric  acids,  w^e  ob- 
serve a  gi*eat  difference  ;  for  while  the  acids  just  named 
generally  give  up  hydrogen  when  treated  with  metals, 
nitric  acid  rarely  does  so.  Instead  of  being  set  free, 
tlie  nascent  livdroo^en  usuallv  reduces  some  of  tlie  nitric 
acid  to  nitrogen  oxides  or,  even  lower,  to  hydroxyJamine^ 
NIIjOII,  and  to  ammonia. 

Thus,  zinc  and  dilute  nitric  acid  (r>%  to  f>%)  give,  perhaps, 
zinc  nit  rat  <^  and  hydroi^cn,  according  to  the  equation, 

Zn  +  2  IIXO, >  Zn(X03),  +  H.  (r/.  §  9)  ; 

but  no  hydroi:«n  is  lil)erated.     Instead,  the  hydrogen  formed 
rwhiccM  Moinii  of  the  nitric  acid  to  ammonia.     Hence  the  Bolu* 
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tion  contains,  besides  water,  zinc  nitrate  and  ammonium  nitrate. 
The  following  equations  probably  represent  what  takes  plaoe  : 

(1)  4  Zn  +  8  HXO,  =  4  ZnCXO,)-  +  4  H. ; 
(This  is  the  equation  above  multiplied  by  4.) 

(2)  4  II2  +  HNO3  =  XH^On  +  1  H.,0  :  ' 

(3)  xni^OH  +  nxOj  =  xh^xo,  +"n.o. 

Hence  the  complete  equation  must  be. 

4  Zn  +  10  HXOj  =  4  Zn(X0,)2  +  XH^XO,  +  3  H.O. 

In  solutions  somewhat  more  concentrated    than  the 
above  the  reduction  of  nitric  acid  goes  only  to  iiiti\»gen 
oxides.     The  equation  for  the  most  common  reduction 
of  nitric  acid  by  nascent  hydrogen  is,  prolxibly,  — 
2  HXO,  +  3  Hj »  4  HoO  +  2  XO. 

Copper  and  nitric  acid  of  specific  gravity  1.2  do  not 
react  according  to  the  equation, 

Cu  +  2  HXO3  =  Cu(X08)o  +  Hg, 
for  the  reaction  is  an  oxidation :  — 

3  Cu  +  2  HXO3 »  3  CuO  +  2  XO  +  HoO. 

Copper  nitrate  is  indeed  fonued,  63  gmnis  of  copper 
giving  124  grams  of  copper  nitrate,  but  no  1iijdro(/en  is 
evolved.  Instead  of  hydrogen  we  get  a  gas  which, 
though  colorless  itself,  forms  brown  fumes  when  it 
comes  in  contact  with  oxygen.  Tliis  gas  is  nitric  oxide ^ 
NO,  and  the  brown  fumes  consist  of  nitrogen  dioxide, 
NOg;  hence  the  copper  must  have  reduced  some  of  the 
nitric  acid. 

The  cupric  oxide  then  reacts  with  the  nitric  acid,  giving 
cupric  nitrate  and  water. 

3  CuO  +  6  HXOg >  3  Cu(X03)2  +  3  lip. 
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way  and  gets  into  the  soil.  All  the  nitric  acid  of  com- 
merce, however,  is  made  from  the  nitrates;  these  are 
found  as  natural  deposits  in  certain  places. 

The  "  nitrate  beds "  were  probably  fonned  by  the 
oxidation,  through  the  agency  of  bacilli,  of  iiitrogenoiis 
organic  matter  in  the  presence  of  alkali.  The  most  ex- 
tensive deposits  of  nitrates  in  the  world  are  those  of  the 
Atacama  Desert  in  Chile.  The  alkali  present  is  sodium 
carbonate,  hence  Chile  saltpeter  is  sodium  nitrate  and 
not  the  potassium  salt. 

164.  Manufacture  of  Potassium  Nitrate.  —  Potas- 
sium nitrate  was  formerly  obtained  almost  exclusively 
from  Asiatic  countries,  where  it  appeared  as  a  deposit 
on  the  ground;  but  nowadays  most  of  it  is  made  from 
sodium  nitrate.  The  process  may  be  carried  out  as 
follows :  — 

Hot,  fairly  concentrated  solutions  of  potassium  chloride  and 
sodium  nitrate  are  mixed,  and  the  resulting  solution  is  poured 
off  from  the  crystalline  deposit  of  sodium  chloride  which  sepa- 
rates out.  The  solution  contains  much  potassium  nitrate  and 
small  amounts  of  sodium  chloride,  etc.  This  impure  potassium 
nitrate  is  then  redissolved  in  as  small  an  amount  of  hot  water 
as  possible,  and  allowed  to  cr3^stallize  out ;  by  several  recrystal- 
lizatious  pure  potassium  nitrate  is  obtained. 

The  equation  representing  the  formation  of  potassium  ni- 
trate is,  — 

KCl  4-  :N'a?^03 »  KlSrOg  +  J^aCl. 

It  applies  only  to  a  'mixture  of  concentrated  solutions  of  the 
factors. 


USES   OF  NITBIC  ACID  AND    THE  NITRATES,      157 

In  certain  European  countries  the  farmei-s  cultivate 
niter  by  introducing  the  proper  micro-organisms  into  a 
mixture  of  alkali  and  nitroi^enous  matter. 

165.  Uses   of  Nitric  Acid    and    the    Nitrates.  — 

Nitric  acid  has  many  important  applications:  nitro- 
benzene, glyceryl  nitrate  (nitroglycerine),  and  nitrates 
of  cellulose  (coUoilion,  gun  cotton,  celluloid,  etc.)  are 
made  by  its  agency. 

Tlie  nitrates  are  used  in  the  manufacture  of  gun- 
powder and  various  explosives,  and  in  the  preservation 
of  meats. 

Glyceryl  nitrate  (wrongly  called  nitroglycerine)  is  made  by 
the  action  of  a  mixture  of  concentrated  nitric  and  sulphuric 
acids  at  a  low  temperature  upon  glycerine.  Jt  is  a  thick, 
greenish  oil  of  a  very  unstable  nature,  and  very  explosive.  It 
is  usually  mixed  with  a  porous  earth,  and  appears  in  the  mar- 
ket chiefly  as  dynamite. 

Gun  cotton  and  collodion  are  made  bv  the  ac'tion  of  a  mixture 
of  nitric  and  sulphuric  acids  upon  cotton. 

Celluloid  is  a  mixture  of  gun  cotton  and  camphor. 

Nitrobenzene  is  made  from  benzene,  Cgll,.,,  and  the  nitric- 
sulphuric  acid  mixture.  When  nitrobenzene  is  rcMluccd  )>y 
nascent  hydrogen,  it  gives  aniline^  the  starting  material  in  the 
manufacture  of  the  aniline  dyes. 

Potiissium  nitmte  is  important  chiefly  as  a  constituent 
of  gunpowder,  wliich,  as  was  stated  in  §  2<),  is  a  pliysi- 
cal  mixture  of  potiissium  nitrate  with  sulphur  and 
charcoal  in  various  proportions.  The  exact  amount  of 
each  of  the  constituents  dei)ends  upon  the  purpose  for 
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trogen  trioxide,  but  a  mixture  of  the  dioxide  (NOg)  with  nitric 
oxide. 

*i69.     Nitrogen  Dioxide  and  Nitrogen  Tetroxide 

(NO2  and  N2O4). — Nitrogen  dioxide  lies  between  nitro- 
gen trioxide  and  nitrogen  pentoxide  as  regards  the  pro- 
portion of  oxygen  it  contains.  Below  22°  C.  it  is  a 
liquid;  but  it  is  usually  known  in. the  form  of  its  vapor. 
Nitrogen  tetroxide  ("  tetra  "  =  four)  exists  at  low 
temperatures,  but  it  dissociates  readily,  to  some  extent 
even  at  0°  C,  into  nitrogen  dioxide.     Tliis  is  shown  in 

the  equation, 

N2O4  =  2  NO2. 

The  degree  of  the  dissociation  is  shown  by  the  dark- 
ening of  the  color,  nitrogen  teti^oxide  being  colorless, 
but  nitrogen  dioxide  brown. 

^yiien  nitrogen  tetroxide  is  dissolved  in  much  cold  water, 
the  solution  contains  a  mixture  of  nitrous  and  nitric  acids  ; 
hence  nitrogen  tetroxide  is  the  anhydride  of  both  of  these 
acids.     The  equation  showing  this  fact  is,  — 

X.O,  (=  2  XOo)  +  II2O >  IIKO2  -f  HNOg. 

Nitrogen  tetroxide  is  formed  when  lead  nitrate, 
Pb(N03)2,  is  heated.  The  vapors  may  be  condensed 
by  passing  them  througli  a  U-tube  surrounded  by  a 
freezing  mixture.  Tlie  decomposition  of  lead  nitrate 
corresponds  exactly  with  that  of  nitric  acid,  as  is  shown 
by  the  equation, 

PbCNOj^  =  PbO  +  N,0,  +  0  icf.  §  158). 

*Thc  names  used  are  io  accordance  with  the  latest  nomendatiire. 
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170.  Nitric  Oxide  (NO). — Two  other  oxides  of  ni- 
trogen are  known,  viz.,  tiitric  oxide  and  nitrous  oxih' ; 
both  are  colorless  gases  at  the  ordinary  tonipeiiiture  and 
pressure. 

Nitric  oxide  is  produced  when  nitric  acid  of  spet-illc 
gravity  1.2  is  allowed  to  react  with  c()pj)er.  The  c(iua- 
tion  has  already  been  given  (</.  §  150).     It  is,  — 

3  Cu  +  8  IINO3  =  3  Cu(X03)2  +  4  II.O  +  1  NO. 

Nitric  oxide  is  slightly  heavier  than  air.  One  liter 
of  it  weighs,  under  standard  conditions,  1.3-4  grams. 
The  gas  is  only  slightly  soluble  in  water. 

When  nitric  oxide  is  passed  into  a  solution  of  ferrous  sul- 
phate, FeSO^,  large  quantities  of  the  gas  are  absorbed,  a  brown 
compound  of  ferrous  sulphate  and  nitric  oxide  being  formed. 
When  the  solution  containing  this  compound  is  heated,  pure 
nitric  oxide  escapes. 

Nitric  oxide  becomes  brown  when  it  conies  into  con- 
tact with  air  or  oxygen,  owing  to  the  formation  of  nitro- 
gen  dioxide. 

One  volume  of  nitric  oxid4 
consists  of  one-half  a  volume 
of  nitrogen  and  one-half  a 
volume  of  oxygen. 


Fig.  37. 


The  amount  of  the  nitrogen 
may  be  shown  by  heating  a 
l)iece  of  metallic  sodium  in  a  measured  volume  of  the  gas  over 
mercury  (see  Fig.  37).  The  sodium  combines  with  the  oxygen 
of  the  nitric  oxide,  leaving  the  nitrogen.  The  volume  of  the 
nitrogen  should  he  just  half  that  0/  the  nitric  oxide  taken. 
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Nitric  oxide  supports  the  combustion  of  phosphorus 
and  of  magnesium,  as  well  as  of  sodium. 

171.  Nitrous  Oxide  (NgO). — Nitrous  oxide  is  com- 
monly made  by  heating  ammonium  nitrate  (NH^NOg) 
to  170"^  C,  or,  better,  by  heating  a  mixture  of  sodium 
nitrate  and  ammonium  sulphate  to  a  slightly  higher 
temperature. 

The  formation  of  nitrous  oxide  is  the  result  of  sev- 
eral reactions.  At  first  the  ammonium  nitrate  probably 
dissociates  into  ammonia  and  nitric  acid  just  as  ammo- 
nium chloride  gives  ammonia  and  hydrochloric  acid. 
The  ammonia  and  nitric  acid  do  not,  however,  recom- 
bine  when  cool,  because  the  nitric  acid  oxidizes  the 
hydrogen  of  the  ammonia  to  water. 

The  fiyial  equation  for  the  decomposition  of  ammo- 
nium nitrate  is,  — 

NH4NO3 »  N2O  +  2  H2O. 

Compare  with  this  the  equation  for  the  decomposition  of 
ammonium  nitrite  (§  111).  Npte  that  all  of  the  hydrogen  is 
oxidized  to  icater  in  each  case,  and  that  it  is  the  oxygen  in  ex- 
cess of  that  required  to  oxidize  hydrogen  that  causes  the  for- 
mation of  nitrous  oxide  when  ammonium  nitrate  is  decomposed. 

Nitrous  oxide  is  the  only  gas  besides  oxygen  that  will 
re-ignit6  a  glowing  splinter. 

The  vohimetrio  composition  of  nitrous  oxide  may  be 
determined  in  the  same  way  as  that  of  nitric  oxide, 
viz.,  bf/  taking  out  the  ox^jgen  by  means  of  sodium.  There 
is,  however,  a  great  difference  in  results  ;  for  while  one 
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volume  of  nitric  oxide  contains  one-half  a  volume  of 
nitrogen  and  one-half  a  volume  of  oxygen,  one  volume 
of  nitrous  oxide  contains  one  volume  of  nitrogen  and 
one-half  a  volume  of  oxygen. 

Xitrous  oxide  may  be  comh^nsod  to  (he  liquid  form  ;  as  sucli 
it  is  a  commercial  article.  When  the  pressure  under  wliich 
the  gas  is  kept  is  removed,  some  of  the  liquid  vaporizes,  pro- 
ducing the  "  laughing  gas  "  which  dentists  use  to  produce  in- 
sensibility to  pain. 

Nitrous  oxide  is  easily  soluble;  1  volume  of  water 
at  0°  C.  absorbs  1.3  volumes  of  the  gjis.  One  liter  at 
standard  conditions  weighs  1.97  grams. 

172.  Hyponitrous  Acid,  (NOH).^.  —  Hyponit  rites, 
{,  e,.  salts  of  hyponitrous  acid,  have  been  known  foi 
sonaJB  time,  but  the  acid  itself  has  only  recently  l)eon 
isolated.  A  solution  of  hyponitrous  acid  decomposes 
readily,  giving  nitrous  oxide,  according  to  the  equation, 

(N0n)2 »N20  +  1I,(). 

Nitrous  oxide  may  thus  be  looked  upon  as  f/i  same  sense 
the  (inhi/dride oi  hyponitrous  acid;  but  the  union  of  nitrous 
oxide  and  water  to  form  the  acid  does  not  take  place. 

173.  Exercises. 

1.  How  many  grams  of  nitric  acid  can  be  made,  thooroti- 
cally,  from  1  kg.  sodium  nitrate  with  sulphuric  acid  ? 

2.  What  wiU  be  the  volume  of  28.4  grams  of  conunercial 
nitric  acid  ? 
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3.  How  much  sulphuric  acid  (calculated  as  100%  HgSO^)  will 
be  neodod  to  give  1,2C0  grams  of  nitric  acid  with  pota^isiuiu 
nitrate,  if  potassium  hydrogen  sulphate  is  formed  ? 

/^i  Calculate  the  percentage  composition  of  nitric  acid  ? 
/  ^.  How  much  potassium  hydroxide  is  required  to  neutralize 
/<»cactly  a  solution  containing  42  grams  nitric  acid  ? 

6.  How  could  you  separate  a  mixture  of  silver  and  gold 
.  cheniically  ? 

7.  How  many  grams  nitrogen  tetroxide  could  be  made  from 
450  grams  lead  nitrate  ?     How  much  oxygen  ? 

/  8.  How  many  grams  nitric  oxide  can  be  made,  theoretically, 
'  from  100  grams  nitric  acid  with  copper?  How  much  copper  is 
needed  ?  How  much  cupric  nitrate  is  formed  ? 
,^^9.  How  many  liters  of  nitrous  oxide  at  0°  C.  and  760  mm. 
can  bo  made  from  240  grams  anmionium  nitrate  ?  How  many 
at  20°  C.  and  720  mm.? 

10.  IIr>w  would  you  distinguish  between  nitrous  oxide  and 
oxygen  ? 

,,  -II.  How  many  cubic  centimeters  of  each  of  Its  constituents 
c()m])ine  to  form  100  c.c.  nitric  oxide  ?  To  form  100  c.c.  of 
nitrous  oxide  ? 

12.  ^^ame  three  different  classes  of  nitrates,  basing  the  dif- 
ference upon  the  way  in  which  the  members  of  each  class 
decompose  when  heated. 
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SULPHUR  AND  ITS  CX)MPOUNDS. 

174.  Occurrence  and  Preparation  of  Sulphur.  —  Snl* 
pliur  occurs  in  nature  in  both  a  free  and  a  combined 
fonn.  In  the  free  condition  it  is  ol)taincd  cliiefly  from 
Sicily,  Mexico,  and,  to  some  extent,  from  Louisiana. 
Natural  sulphur  is  usually  found  mixed  with  much 
earthy  material,  from  which  it  must  be  separated  to  pre* 
pare  it  for  the  market. 

The  j?r«^  operation  in  the 
purification  of  sulphur  usu- 
ally consists  in  heating  the 
natural  product;  the  sul- 
phur melts  and  flows  away, 
leaving  the  infusible  im- 
purities behind. 

In  the  second  operation 
the  partially  purified  sul- 
phur is  distilled  from  large 
iron  retorts  (see  Fig.  38), 
and  is  thus  separated  from 
less  volatile  impurities. 

The  melted  sulphur  in  the  reservoir  A  is  allowed  to  flow 
from  time  to  time  into  the  retort  B.  in  which  tho  sulphur  I'g 
vaporized.     The   sulphur  vapor  which   passes   iuto   the   con- 
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denser  collects  either  in  the  liquid  state,  at  the  bottom  (C)  or 
tliu  uonduuser,  or  in  a  solid  state  upon  the  cold  walls  (!>)■  The 
liquid  Huli)luir  is  rnn  into  molds  to  crystallize,  thug  producing 
the  "roll-sulphur,"  or  "brimstone"  of  commerce;  the  sul- 
phur whi<th  sijlidifiee  upon  the  walls  appears  in  the  form  of  fine 
vieal  and   is  called  "powers"    (more   correctly,  "fiour")  of 

175.  Physical    Properties. — Sulphur,    like    many 
other    elements,   exists    in    several   different   pliysical 
fonns;   consequently,  in  giving  the  propertiea  of  sul- 
phur we  must  specify  the  kind  of  sulphur  to  which  we 
are  referring.     The  seveial  varie- 
ties of   sulphur   may  he  grouped 
into  three  classes  :  — 

(1)  Ordinary,  or   rliombic,  sul- 
phur (Fig.  39).     This  is  the  fonn 
that  occurs  in  nature.     All  other 
forms  revert  to  this  form.    Its  spe- 
"°-  '^'  cific  gravity  is  2.07. 

(2)  Prismatic  sulphur  (Fig.  40). 
Tliis  is  formed  hy  the  »low  cooling  of 
'used  sulphur  of  any  of  the  other  varie- 
aes.     Its  specilic  gr.ivity  is  1.9C. 

(3)  Amorphous  sulphur.     Tliis  form 
is  pi-oduced  when   sulphur  at   tempera-  io.4u. 
tuiBs  id«)vc  2;t0°  C.  is  eliilled  rapidly,  as  by  pouriiigit 
into  cold  w.at«r. 

At    ordinary    temperatures     amorphous    sulphur    changea 
ahwly  (after  some  days)  into  tlie  ordinary  form;   at  about 
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100°  C,  however,  the  change  is  instantaneous^  and  much  heat 
is  evolved.  Ordinary  and  prismatic  sulpliur  are  reailily  sohible 
in  carbon  disulphide,  CSg ;  but  amorphous  sulphur  is  partly  in- 
soluble in  that  liquid. 

The  form  known  as  "  flowers"  of  sulphur  is  both  crA'stalliiH* 
and  amorphous.  It  consists  of  a  crj'stalline  kernel  and  an 
amorphous  covering. 

The  existence  of  an  element  in  several  fonns  is  (rall(;(l 

* 

allotropism,  and  the  diflferent  varieties  of  the  eleniciiit 
are  called  its  allotropic  forms  (^cf.  §  263^. 

Ordinary  sulphur  has  a  yellow  color  and  is  practically 
without  odor  and  taste.  It  is  soluble  to  a  slight  cxtcut 
in  ether  and  in  alcohol,  but  is  insoluble  in  water.  The 
best  solvent  for  sulphur  is  car}x)n  disulphide;  100  parts 
of  this  substance  dissolve  46  parts  of  sulphur  at  the 
ordinary  temperature. 

Ordinary  sulphur  behaves  peculiarlf/  when  heated.  At 
114°  C.  it  melts,  becoming  a  yellow  liquid.  Ah  tlie  hcatiii;,'  is 
continued  the  sulphur  becomes  more  viscous  and  dark-crilored  ; 
at  250°  C.  it  is  almost  black  and  can  hardly  b(^  jKinred.  Abrivr; 
300°  C.  it  is  limpid  again,  and  at  448°  it  boils,  forming  a  yellow 
vapor. 

176.  Chemical  Properties.  —  Sulphur  unites  dirrjclly 
with  many  elements,  especially  with  inetiiLs.  Tims, 
when  a  mixture  of  powdered  iron  and  sulphur  is  Iieattid, 
or  moistened  with  water,  or  strongly  conipressod,  it 
unites  chemically,  forming  ferrous  sulphide,  FeS.  Simi- 
larly, copper  foil  bums  in  sulphur  vapor,  giving  C()])per 
sulphide.     Mercuiy  combines  with   sulphur  when  the 
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two  are  simply   triturated^  i.  e.,  rubbed  together  in  a 
mortar. 

There  are  many  cominon  illustrations  of  the  action  of  sulphur 
upon  metals.  Thus,  silver  egg-spoons  are  blackened  by  the 
sulphur  contained  in  eggs ;  and  silver  coins  which  have  been 
carried  about  in  the  pockets  are  colored  by  the  sulphur  of  the 
perspiration. 

The  illuminating  gas  of  many  cities  contains  sulphur  com- 
pounds ;  this  fact  accounts  for  the  tarnishing  of  articles  of  brass, 
copper,  lead,  silver,  etc.,  in  houses  in  which  such  gas  is  used. 

At  about  260°  C.  sulphur  begins  to  unite  with  the 
oxygen  of  the  air.  If  sulphur  at  a  temperature  slightly 
below  260°  C.  is  examined  in  the  dark  it  will  be  found 
to  phosphoresce,  i.  e.,  glow. 

In  burning,  sulphur  produces  sulphur  dioodde^  SOg. 
This  is  an  invisible  gas  having  the  characteristic  odor 
of  burning  sulphur. 

177.  Uses  of  Sulphur.  —  Sulphur  is  used  in  the 
preparation  of  many  important  substances.  Thus,  rub- 
ber goods  and  vulcanite  are  made  by  heating  together 
caoutchouc  and  sulphur ;  match  tips,  especially  the  older 
forms,  contain  sulphur  as  an  ingredient;  gunpowder,  as 
previously  stated,  is  a  mixture  of  charcoal,  sulphur,  and 
niter ;  and  sulphur  dioxide,  which  is  used  for  bleaching 
and  as  a  germicide,  is  made  by  burmng  sulphur  in  air. 

Finally,  sulphur  is  used  in  the  preparation  of  ml- 
2)huric  acid,  which  is  possibly  the  most  important  sub- 
stance manufactured. 
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178.  Compounds  of  Sulphur.  —  Sulphur  is  a  constit- 
uent of  many  important  compounds  ;  for  the  Huljtltih's^ 
next  to  the  oxides,  are  the  most  common  ores  of  the 
metals.  Among  the  natural  sulphides  are  iron  j>ij rites 
(FeSg),  galena  (PbS),  and  hydrogen  aulphide  (IL^S). 
The  latter  is  a  gas  under  orduiary  conditioui?. 

The  two  important  oxides  of  sulphur  are  sulphur 
dioxide  and  sulphur  trioxide. 

With  hydrogen  and  oxygen  sulphur  forms  sulphuric 
acid  and  other  acids,  and  with  metals  and  oxygen,  sul- 
phates^ sulphites^  thiosulphateSj  etc. 

The  most  important  natural  sulphate  is  ggpsum^ 
CaSO^.  2  HgO.  Natural  barium^  sulphate,  BaSO^,  is 
called  "  heavy  spar^     Both  are  important  minerals. 

Iron  pyrites,  FeSg,  is  a  source  of  both  sulpluir  and  sulphur 
dioxide.  "When  it  is  roasted^  i.  e.,  heated  in  a  current  of  air, 
its  sulphur  is  oxidized  to  sulphur  dioxide,  SO.,,  but  if  the  iron 
pyrites  is  heated  without  access  of  air  it  breaks  down  into  a 
compound  of  iron  and  sulphur  containing  only  two-thirds  of 
the  sulphur  of  the  original  pyrites.  The  excess  of  sulphur  is 
liberated. 

The  equation  representing  this  reaction  is, — 

3  FeSa  =  FejS,  +  2  S. 

The  reaction  is  like  that  which  takes  place  when  manganese 
dioxide  is  heated  (cf,  §21),  and  which  is  indicated  ])y  the 
equation, 

179.  Hydrogen  Sulphide. — Hydrogen  sulpliide,  or 
Iiydrostdphurie   acid^   is   a   colorless   gas    composed   oJt 
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hydrogen  and  sulphur  in  the  proportion  of  1  part  by 
weight  of  hydrogen  to  16  parts  of  sulphur.  This  fact 
is  shown  by  the  formula,  HgS. 

Hydrogen  sulphide  is  usually  prepared  by  the  action 
of  dilute  sulphuric  or  hydrochloric  acid  upon  iron  sul- 
phide.    The  reactions  are  shown  by  the  equations, 

FeS  +  II2SO4 »  FeSO^  +  HgS,  and 

FeS  +  2  IICl »  FeClg  +  HgS. 

The  iron  sulphate  or  chloride  formed  remains  in  solu- 
tion. 

The  method  just  described  gives  hydrogen  sulphide  in  a 
form  good  enough  for  ordinary  use,  hut  not  pure.  Pure  hydro- 
gen sulphide  is  prepared  by  the  action  of  concentrated  hydro- 
chloric acid  upon  antimony  trisulphide,  SbgS,.     The  equation 

is,— 

SbgSg  +  6  IICl »  2  SbClj  +  3  HgS. 

180.  Properties  of  Hydrogen  Sulphide.  —  Hydrogen 
sulphide  has  the  odor  of  rotten  eggs.  It  is  formed  by 
the  decomposition  of  most  organic  substances  containing 
sulphur.  So^alled  "sulphur"  waters  owe  their  proper- 
ties to  the  hydrogen  sulphide  dissolved  in  them. 

The  gas  is  1.18  times  as  heavy  as  air. 

Hydrogen  sulphide  is  very  soluble  in  water;  one 
volume  of  water  absorbs  at  standard  conditions  three 
volumes  of  tlie  gas.  The  aqueous  solution  is  readily 
decomposed,  especially  in  the  light  and  when  warm,  by 
the  oxygen  of  the  air.     The  hydrogen  is  thus  converted 
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into  water,  and  the  sulphur  is  set  free ;  consequent!}'  a 
solution  of  hydrogen  sulphide  soon  loses  its  odor  and 
deposits  sulphur.     The  equation  is,  — 

2  IIjS  +  Og »  2  ILO  4-  2  S. 

Similar  to  the  action  of  oxygen  is  that  of  clilorin(»,  wliicJi 
forms  with  hydrogen  sulpliide  or  its  a<iiK'ous  solution  hydro- 
chloric acid  and  sulphur,  according  to  the  equation, 

IlgS  +  CI2 »  2  IIC'l  +  S. 

Iodine  acts  in  the  same  way,  viz. :  — 

II2S  +  2  I »2Tir  +  S. 

This  method  is  used  for  the  preparation  of  hydriodic  acid. 
IFydrogen  sulphide  is,  as  we  might  expect,  a  reiJucbuj  (Kjent, 

181.  Sulphides. — Hydrogen  sulphide  is  a  weak  acidy 
and  is  therefore  called  hydroHulplnirie  acul.  Its  salts,  the 
HulphideSy  may  be  fonned  ui  seveiid  ways  ;  these  an*,  — 

(1)  By  tlie  reduction  of  a  sulphate  or  sulpliite  ; 

(2)  By  tlie  neutralization  of  an  alkali  with  hydrogen 
sulpliide ; 

(3)  By  the  addition  of  hydrogen  sulphide  to  a  s()lul)le 
salt  of  the  metal  whose  sulpliide  is  to  be  fonned. 

An  illustration  of  the  first  method  is  the  reduction  of 
sodium  sulphate,  when  heated  with  charcoal,  to  sodium 
8idphide.     The  equation  is,  — 

NajSO^  +  4  C »  NagS  +  4  CO. 

An  illustration  of  the  second  method  is  the  absorption 
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of  hydrogen  sulphide  by  a  solution  of  sodium  hydroxide. 
The  equation  is,  — 

2  NaOn  +  HgS »  XagS  +  2  HgO. 

Hydrosulphides. — The  equation  just  given  represents  only 
the  Jinal  products  formed  in  the  ordinary  method  of  preparing 
sodium  sulphide  ;  for,  if  we  pass  hydrogen  sulphide  into  sodium 
hydroxide  solution  until  no  more  hydrogen  sulphide  is  absorbed, 
we  obtain  sodium  hydrosulphide,^BSl{,     The  equation  is, — 

NaOII  +  IlgS  =  KaSH  +  HgO. 

If  we  now  add  to  the  sodium  hydrosulphide  as  much  sodium 
hydroxide  as  we  used  originally,  we  shall  obtain  sodium  sul- 
phide, NaoS,  as  is  represented  in  the  equation, 

NaOII  +  NaSII  ==  Ka^S  +  HgO. 

To  prepare  ammonium  sulphide^  (^114)28,  we  employ  a  simi- 
lar method. 

182.  Precipitation  of  Sulphides.  —  The  third  method 
of  forming  a  sulphide,  viz.,  by  adding  hydrogen  sul- 
phide to  a  soluble  salt  of  the  metal,  will  succeed  onlt/  in 
ease  the  sulphide  desired  is  insoluble  in  the  solvent  present. 
Thus  if  hydrogen  sulpliide,  either  in  gaseous  fonn  or 
in  aqueous  solution,  is  added  to  a  solution  of  cupric  sul- 
phate, CuSO^,  cupric  sulphide  and  sulphuric  acid  are 
formed,  according  to  the  equation, 

CUSO4  +  HoS »  GuS  +  H2SO4. 

The  cupric  sulphide  will  appear  as  a  black  precipitate. 
In  future  we  shall  usually  italicize  the  formula  of  a  precipitate. 
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Explanation.  —  The  student  \\t11  notice  tliat  in  ivery 
case  the  action  of  hydrogen  sulphide  u^xin  the  salt  of  a 
metal  must  tend  to  produce  a  free  acid  in  addition  to 
the  sulphide  of  the  metal.  Now,  we  know  tliat  free  acids 
generally  act  upon  sulphides  giWng  liydi-cjgen  sulphide, 
tliis  being  in  fact  tlie  way  in  wliich  hydnigen  sulphide 
is  prepared  (cf.  §  179) ;  hence  the  precipitation  of 
cupiic  sulphide  from  a  solution  of  cupric  sulphate  hy 
hydrogen  sulphide  must  be  jK^ssilJe  only  ]x,*cause  the 
cupric  stdphide  is  insolid>le  in  the  dilute  acid  fonned  at 
the  same  time. 

Sulphides  that  are  soluble  iu  dilute  acids  cannot,  tlien^foro, 
be  precipitated,  or  only  incomplctehj ^  l>y  hydrojrf n  sulpliidf. 

Thus,  no  precipitate  is  produced  when  liydro^ri'n  suli»liid<^  is 
added  to  manganese  sulphate  solution,  because  the  rerer.'se  re- 
action, represented  by  the  equation, 

MnS  +  HaSO^ »  MuS(J^  +  I^S, 

is  the  one  that  tends  to  take  place.  If,  bowcjvt^r,  we  uso,  in- 
stead of  hydrogen  sulphide,  a  solulde  salt  of  bydro^r^Mi  sulpliidc, 
precipitation  of  manganese  sulphide  occurs,  for  the  reaction 
cannot  produce  free  acid. 

Thus,  with  sodium  sulphide  the  reaction  is  represented  by 
the  equation, 

MnSO^  -f  NajS »  3f7iS  -f  XagSO,. 

Some  sulphides,  however,  are  soluble  in  water  itself  ;  such 
sulphides  cannot,  of  course,  be  precipitated  by  either  hydrogen 
sulphide  or  its  salts.  Barium  and  calcium  sulphides  are  ex- 
amples. 
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183.  Carbon  Distilphide  (CSg).  —  Carbon  disulphide 
is  formed  by  the  direct  union  of  carbon  and  sulphur, 
the  usual  method  being  to  pass  sulphur  vapor  over  hot 
charcoal.. 

When  pure,  carbon  disulphide  is  colorless  and  has  an 
ethereal  odor ;  but  as  obtained  commercially  it  is  often 
yellow  and  has  a  disagreeable  smell.  The  liquid  boils 
at  47*^  C. 

CarlK>n  disulphide  is  verj'  inflammable.  The  prod- 
ucts of  its  oomlmstion  are  varhon  dioxide  and  sulphur 
dioridi'y  as  ivpresenlcd  by  the  equation, 

CS,  +  8  O,  =  CC\  +  2  SO2. 

The  ohiof  use  of  carbon  disulphide  is  as  a  solvent  for  sul- 
phur, caoutchouc,  phixjphorus,  iodine,  etc. 

184.  Manufacture  of  Sulphuric  Add.  —  The  mod- 
ern method  of  making  sidphurie  acid  is  to  treat  sulphur 
trioxide  with  A>-iiter  (<•/'.  §  190).  The  so-called  "  Eng- 
lish," i>r  Ci^nunon,  process  consists  in  oxidizing  ^ilphur 
dioxidt'  in   t?h*  pre^^nee  of  trater. 

The  oxidizing  agent  used  is  nitric  acid.  The  sulphur 
dii^xiilo  is  pnxluceil  frxun  sidphur,  iron  pyiites  (FeSg), 
or  giilona  (^Pl^^:  its  oxidation  is  carried  out  in  lai^ 
Ix^xe^  lintni  Avitli  lead  and  oalleil  *^the  leaden  cham- 
Ivrs,*'  i^irriMUs  of  air,  of  steam,  and,  occasionally, 
of  nitric  acid  enter  the  leaden  chambers  along  with 
the  sulphur  dioxide,  and  sulphuric  acid  is  the  result 
The  simplest  Cv|uatiou  is,  — 
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Explanation.  —  The  nitric  acid  introduced  into  the  leaden 
chambers  is  reduced  to  nitric  oxide ^  NO;  a  small  amount  of 
sulphur  dioxide  is  thus  oxidized  directly  by  nitric  acid.  But 
the  greater  portion  of  the  oxygen  used  conies  from  the  air ;  for 
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Fig.  41 


the  nitric  oxide  takes  up  the  oxygen  of  the  air,  forming  nitro- 
gen dioxide  (cf,  §  170),  and  then  gives  up  the  oxygon  to  the 
sulphur  dioxide.  All  of  these  facts  are  representod  hy  the 
following  equations:  — 

(1)    SOa  +  2  IINO^  rrrrllgSO^  +  2  XOg. 

(2)  N'02  +  SOo  +  n/)  =  ILSO,  +  XO. 

(3)  2NO  +  02=2N02. 

(4)  Eepetition  of  (2). 

Theoretically,  a  very  small  amount  of  nitric  acid 
ought  to  be  able  to  oxidize  an  indefinitely  large  amount 
of  sulphur  dioxide,  but  in  practice  some  of  the  nitrogen 
oxides  are  lost;  hence  nitric  acid  must  be  added  from 
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time  to  time  to  the  mixture  in  the  leaden  chambers. 
The  greater  portion  of  the  nitrogen  oxides  is  prevented 
from  escaping  by  being  made  to  pass  tlirough  towere  of 
dilute  sulphuric  acid,  which  absorbs  them.  They  are 
thus  compelled  to  perform  the  work  of  oxidizing  sul- 
phur dioxide  over  and  over  again. 

The  equations  given  above  are  only  incomplete  representa- 
tions of  the  reactions  taking  place  in  the  leaden  chambers. 

It  is  jjrohahle  that  the  nitric  oxide  reacts  with  the  steam, 
oxygen  and  sulphur  dioxide  present  in  the  leaden  chambers, 
giving  a  substance  called  nitrosyl  sulphuric  acid.  The  equa- 
tion is, — 

'2  SO.  -f  2  XO  +  3  O  +  ILO  =  2  XO.  IISO^. 

The  nitrosyl  sulphuric  acid  is  a  solid  substance.  It  is  known 
technically  as  ••'  chamber  crystals."  It  is  readily  decomposed 
l)y  the  excess  of  steam,  giving  sulphuric  acid  and  nitrogen 
trioxide  (X-^Oy),  as  is  shown  by  the  equation, 

2  XO.  IISO^  +  H^O  =  2 ILSO,  -f  XjO,. 

Apparatus  for  demonstrating  the  nitrosyl  sulphuric 
acid  manufactui-e  is  shown  in  Fig.  41. 

185.  Purification  of  Stilphiiric  Add.  —  The  sul- 
phuric iu'id  obtiiined  in  the  leaden  cliambers  contains 
iil><)ut  40'/  of  water;  it  is  therefore  concentrated 
by  evaporation.  The  evaporation  is  carried  out  hi 
leaden  pantt  until  the  acid  is  concentrated  enough  to 
atta<*k  the  lead.  When  this  is  the  ca^^e,  further  evapora- 
tion is  carried  out  in  east-iron  pans  until  an  acid  con- 
tttuiiug    about    ISjt    of    water    is    obt^dned.     This   is 
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the  "  crude  "  sulphuric  acid  of  commerce.  It  is  very 
impure.  If  the  acid  is  to  be  concentrated  still  further, 
the  evapomtion  must  be  carried  out  in  vessels  of  glass^ 
porcelain^  or  platinum. 

m 

The  pure  acid  is  made  by  distilling  the  crude  product  in 
stills  of  platinum  lined  with  gold.  There  is  thus  obtained  an 
oil  boiling  at  338°  C.  and  containing  only  1.5%  water.  Its 
specific  gravity  is  1.854  at  0°  C.  The  anhydrous  acid 
(approximately  100%  sulphuric  acid)  is  made  only  in  very 
small  amounts. 

186.  Properties.  —  Sulphuric  acid  is  a  thick,  oily, 
colorless  liquid.  When  it  is  diluted  with  water,  much 
heat  is  evolved,  so  much,  indeed,  that  the  water  some- 
times boils.  To  avoid  spattering  of  the  hot  liquid  we 
pour  the  concentrated  acid  in  a  small  stream  into  the 
water,  not  the  water  into  the  acid. 

Sulphuric  acid  forms  several  hydrates  with  water, 
the  two  most  important  being  those  rei)resented  by  the 
formulas,  HgSO^.  HgO  and  HgSO^.  2  HgO.  Because  of 
the  tendency  of  sulphuric  acid  to  take  up  water,  it  is 
used  as  a  drying  agent. 

The  dehydrating  power  of  sulphuric  acid  also  accounts  for 
the  fact  that  organic  matter,  e.  gr.,  paper,  wood,  dust,  sugar,  etc., 
are  charred  by  it.  These  bodies  are  compounds  containing 
carbon,  hydrogen,  and  oxygen  (</.  §  52).  The  hydrogen  and 
oxygen  are  abstracted,  as  water ^  by  the  acid,  and  charcoal 
is  left. 

187.  Reduction  of  Sulphuric  Acid.  —  Sulphuric  acid 
decomposes,  when  sufficiently  heated,  much  as  nitric 
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acid  does;  the  products  are  cliiefly  sulphur  dioxide, 
oxygen,  and  water.     The  equation 

H2SO4  =  HgO  +  SO2  +  O 

thus  represents  what  takes  place.  If  we  have  at  hand 
a  substance  that  can  absorb  oxygen,  the  decomposition 
of  the  acid  takes  jJace  very  easily.  The  reducing  agents 
may  be  sulphur,  charcoal,  copper,  mercury,  etc. 

The  acid  has  no  action  upon  these  substances  in  the  cold  ; 
but  when  it  is  heated  with  them  the  acid  is  reduced  to  sulphur- 
ous acid,  i.  c,  to  sulphur  dioxide  and  water.  The  reducing 
agents  are,  of  course,  oxidized. 

The  following  equation  represents  what  takes  place 
when  sulphur  is  heated  with  sulphuric  acid  :  — 

2  H2SO4  4-  S  =  2  H2SO3  +  SO2  =  3  SO2  +  2  H^O. 

With  cop2)er  the  equation  is,  — 

H3SO4  +  Cu  =  CuO  +  HgO  +  SO2. 

The  cupiic  oxide  then  reacts  further  with  the  sulphuric 
acid,  giving  cupric  sulphate  and  water,  — 

CuO  +  H2SO4  =  CUSO4  +  H2O. 

Uence  the  complete  equation  is, — 

2  H2SO4  +  Cu  =  CuSO^  +  2  H2O  +  SO2. 

Perhaps  the  equations  for  the  action  of  copper  upon  hot, 
concentrated  sulphuric  acid  are, — 
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(1)  Cu  +  H2S04  =  CuSO,  +  H.,  and 

(2)  Hg  +  II2SO4  =  2  HgO  +  sol 

In  any  case,  the  complete  equation  is  as  above, 

Cu  +  2  H2SO4  =  CuSO,  +  2  II.0  +  SOo. 

Compare  this  action  with  that  of  copper,  etc.,  upon  nitric 
acid  (§  159). 

188.  Uses  of  Stilphiiric  Acid.  —  Sulphuric  acid  is* 
used  in  many  processes  and  in  enormous  (quantities. 
We  have  already  learned  that  it  is  used  in  the  preparation 
of  nitroglycerine  (j'f.  §  165),  of  nitri;  acid  (j'f,  §  loo), 
of  Jiydrocliloric  acid  (cf,  §  91),  and  of  sodium  carbonate 
by  the  Le  Blanc  process  (^cf.  §  92).  Sulphuric  acid  is 
used  also  in  the  refinim/  of  petroleum^  to  change  starch 
into  glucose^  and  to  convert  the  calciinn  j>liosphate  of 
bone  ash  and  of  phosphate  rocks  into  soluble  form  for 
use  as  fertilizers. 

Xo  wonder  that,  as  is  often  stated,  "  the  progress  of  civili- 
zation is  proportional  to  tlie  quantity  of  sulphuric  acid  used.-' 

189.  Stilphates.  —  The  salts  of  sulphuric  acid  may 
be  produced  in  the  usual  ways,  viz.,  by  neutralizing 
hydroxides  with  sulphuric  acid,  or  by  dissolving  metal- 
lic oxides,  metallic  carbonates,  or  the  metals  themselves 
in  the  acid. 

The  following  equations  represent  some  of  these  reactions  : 

2  KaOH  -f  H2SO4  =  Na^SO^  +  2  Il.O. 
ZnCOg  +  (dilute)  HaSO^  =  ZnSO^  +  ^h^O^- 
Mg  -f  (dilute)  H2SO4  =  MgSO^  +  Hj. 
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Sulphates  may  also  be  formed  by  heating  chlorides, 
nitrates,  acetates,  etc.,  with  concentrated  sulphuric  acid 
(^/.  §§  91  and  155). 

A  sulphate  that  is  difficultly  soluble  in  water  may  be 
formed  by  adding  dilute  sulphuric  acid  or  a  soluble  sul- 
phate to  a  solution  of  some  salt  of  the  metal.  Thus, 
strontium  sulphate^  SrSO^,  is  precipitated  when  dilute 
sulphuric  acid  is  added  to  a  solution  of  strontium 
chloride. 

SrCl2  +  H2SO4  =  SrSO^  +  2  HCl. 

Test. — We  usually  test  an  unknown  soluble  substance  to 
see  if  it  is  a  sulphate  by  adding  to  its  solution  barium  chloride 
solution  or  barium  nitrate  solution  ;  the  precipitate  of  barium 
sulphate  which  is  formed  if  a  sulphate  is  present,  is  insoluble 
in  acids. 

Thus,  BaClg  +  XagSO^  =  BaSO^  +  2  NaCl. 

190.  Sulphur  Trioxide.  — Four  oxides  of  sulphur  are 
known;  but  only  the  trioxide  (SO3)  and  the  dioxide 
(SO2)  need  be  considered  here.  Sulphur  trioxide  is  a 
white,  crystalline  solid,  melting  at  15°  C.  and  very  solu- 
ble in  water.  When  it  is  brought  in  contact  with  water 
there  is  a  hissing  noise,  and  much  heat  is  liberated. 
The  product  of  tlie  union  is  sulphuric  acid. 

so^  +  a/)  =  H2SO4. 

Sulpliur  trioxide  is  thus  the  anhydride  of  sulphuric 
acid. 

Sulphur  trioxide  is  produced  by  the  oxidation  of  sulphur  di- 
oxide ;  a  small  amount  is,  therefore,  formed  when  sulphur  is 
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liuroed  in  air  or  iu  oxvgen.     It  is  formed  in  quantity  by  paitB- 
iti<;  a  mixture  of  diy  sulphur  dioxide  aiid  ux_v<;eii  uver  huatud 

|)lHtiiiuni  sfioiigo  or  platinized  aaboHtos. 

When    sulphur    tiioxide    is   heated  ediiHitleniMj,  it 
breaks  up  in  i»art  into  suljiltur  diuxide  itiid  oxygen. 

191.  Sulphur  Dioxide. — Sulphur  dioxide  is  tlie  jjiis 
of  well-known  odor  pnxlueed  hy  buridng  Hidi»liur  in  nir 
or  in  oxygen.  Commercially  it  is  usujdly  fonued  Iiy 
roantlnij  Kulphides,  e.  g.,  iron  pyrites,  in  iiir  (i-f,  §§  ITH 
and  184).  The  reaction  is  i-epresented  hy  the  (.■quatiim, 
2  FeSj  +  110  —  Fe^Oa  +  4  S( )._,. 
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From  its  power  of  striking  sparks  with  flint, 
ierivod  its  name  ;  "pyrites  "  meai 


L  pyritiis 


The  metliod  commonly  em- 
ployed for  producing  sulphur 
dioxide  in  tlie  Uhonitory,  viz., 
l>y  the  reduction  uf  conc;ea- 
tnited  sulphuric  acid  with 
coi)per,  has  ulready  been  con- 
sidered (</.  §  18T). 

Sidpliur  dioxide  is  a  color- 
lens  gas  about  2.2  times  as 
Jieavy  as  air.  One  liter  of  it 
weighs,  at  standard  condi- 
tions, 2.86  grams.  The  giis  w 
80  C.C.  of  it  being  absorlied  by  1  c.c.  of  wiiifr  at  0"  ('. 
When  tlie  solution  Ih  heated  the  gas  is  exiicUed, 
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Sulphur  dioxide  may  be  obtained  in  liquid  form  (Fig.  42)  by 
passing  it  through  a  condensing  tube  (conveniently  in  U  form) 
surrounded  by  a  freezing  mixture  of  ice  and  salt.  The  result- 
ing liquid  is  colorless  ;  it  boils  at  — 8°  C.  The  evaporation  of 
liquid  sulphur  dioxide  absorbs  much  heat ;  hence  this  sub- 
stance is  often  used  as  a  refrigerating  agent. 

192.  Chemical  Properties  of  Stilphur  Dioxide. — 

An  aqueous  solution  of  sulphur  dioxide  is  oxidized 
Blowly  in  the  air  to  sulphuric  acid ;  the  oxidation  is  much 
more  rapid  if  oxidizing  agents  are  used. 

The  technical  preparation,  of  sulphuric  acid  by  the 
oxidation  of  sulphur  dioxide  by  nitric  acid  has  been 
described  already  (^.  §  184).  Other  oxidizing  agents 
act  in  the  same  way. 

Thus,  solutions  of  j)otassium  chromate,  bichromate,  perman- 
ganate, etc.,  are  all  reduced  by  sulphur  dioxide.  The  latter  is 
converted  by  the  abstracted  oxygen  into  sulphuric  acid. 

Tlie  chief  use  of  sulphur  dioxide,  aside  from  its  being 
the  source  of  sulphuric  acid,  is  as  a  bleaching  agent  of 
silks,  woolens,  straws,  laces,  etc.,  which  would  be  injured 
by  chlorine  (^cf.  §  88). 

The  sulphur  dioxide  probably  unites  with  the  coloring  matter 
of  these  fabrics,  forming  colorless  compounds.  The  bleaching 
effect  disappears  after  a  time,  however  ;  hence  fabrics  bleached 
by  sulphur  '^yellow"  with  age.  Dilute  sulphuric  acid,  also, 
restores  the  color  of  many  articles  that  have  been  bleached  by 
sulphur  dioxide  ;  it  probably  breaks  up  the  colorless  compounds 
that  were  formed. 

Sulphur  dioxide  is  used  also  as  a  disinfectant. 
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193.  Sulphurous  Add.  —  A  solution  of  sulphur  diox- 
ide in  water  has  the  properties  of  a  weak  acid,  ami  is 
called  sulphurous  acid,  HgSOg.  Sulphur  dioxide  is, 
therefore,  sulphurous  anhydride.  Tlie  free  acid  has  not 
been  isolated  (jf.  §  149). 

When  sulphurous  acid  is  neutralized  by  the  solution 
of  a  base,  and  the  solution  is  evaporated,  a  sulphifp  i? 
obtaiiied.  The  same  result  follows  when  sulphur  diox 
ide  gas  is  passed  into  the  solution  of  an  alkali. 

As  in  the  case  of  sulphuric  acid,  two  sets  of  salts  t-xisl. 
Thus,  if  an  exactly  sufficient  amount  of  sulphur  dioxid*-  is  used 
with  sodium  hydroxide,  the  product  is  sodium  8uli)hite,  Xa^SOg 
The  equation  is,  — 

2  NaOH  +  II2SO3 »  Xa^SOg  +  2  II^O. 

If ,  however,  sulphur  dioxide  is  passed  into  sodium  hydroxide 
solution  untU  no  more  gas  is  absorbed,  the  solution  contains 
sodium  hydrogen  sulphite,  NallSOg.     The  equation  is,  — 

]S'aOH  +  H^SOg »  XallSOs  +  II2O. 

Similar  reactions  take  place  with  other  bases. 

Both  normal  and  acid  sulphites  are  decomposed  by 
dilute  sulphuric  acid  and  by  hydrochloric  acid,  giving 
sulphur  dioxide.  Thus,  sodium  sulphite  and  hydro- 
chloric acid  react  according  to  the  equation, 

NagSOg  +  2  HC1=  2  NaCl  +  H2SO3  (/.  e.,  SO.,  +  H^O). 

With  sodium  hydrogen  sulphite  the  equation  is, 

NaHSOj  +  HCl  =  NaCl  +  H^SOg  (i.e.,  SO^  +  H^O). 


[ 

\ 
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By  this  reaction  a  sulphite  may  readily  be  distinguLshed 
from  a  sulphate. 

Sulphites,  like  sulphurous  acid,  oxidize  readily  in  the  air. 

194.  Thiosulphates.  —  Thiosvlphuric  acid,  HgSgO^,  is 
sidphuric  acid  mth  one-fourth  of  its  oxygen  replaced 
by  sulphur  ("  thion  "  =  sulphur)  ;  its  salts  are  called 
thiosulphates, 

Tlie  most  important  thiosulphat/C  is  the  sodium  salt, 
Na2S203.  This  is  made  by  boiling  a  solution  of  sodium 
sulphite  with  sulphur. 

Na^SOg  +  S  =  Na2S203. 

This  reaction  corresponds  to  the  oxidation  of  sulphites  to 
sulphates  ((/.  §  1U8). 

W^'lien  sodium  tliiosulphate  is  treated  with  dilute 
acids,  it  breaks  down  as  represented  by  the  equation, 

^'^2^^Pz  +  2  HCl  =  2  NaCl  +  H2SO3  -f  S. 
It  decompose^,  therefore,  like  a  sulphite  p2ws  sulphur. 

Sodium  thiosulphate  is  a  reducing  agent  capable  of 
converting    eldorine    and    iodine    into    hydrochloric  and 


/  hijdriodic   acids,    respectively.     It  is  therefore  used  to 

destroy  the  excess  of  clilorine  in  the  process  of  bleach- 
ing. It  has  the  power  to  dissolve  silver  chloride, 
bromide,  iodide,  etc.,  and  is.  therefore  used  in  "  fixing " 
negiitives  in  photography.  Its  technical  name  is  "hypo," 
from  its  old  chemical  name,  "  hyposulphite  of  soda." 
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X95.  Exercises. 


1.  Calculate  the  per  cent  of  sulphur  in  «rak'na.  '  In  iron 
pyrites. 

2.  How  many  «^ram8  of  sulphur  dioxide  can  be  prmluced  by 
burning  75  grains  of  sulphur?  How  many  liter?*  at  Jo-^  C  and 
740  mm.  ? 

3.  How  many  grams  of  ferrous  sulphide  are  re<|uired  to  give,, 
with  an  excess  of  dilute  sulphuric  acid,  2.>  grams  hydrogen 
8uli)hide?     How  much  ferrous  Kuli)hate  will  be  formed? 

4.  To  a  solution  containing  an  unknown  quantity  of  sul- 
*ihiiric  acdd,  an  excess  of  barium  chloride  solution  was  added  ; 
the  resulting  barium  sulphate  weighed  2.<m;J  grams.  How 
nuKrh  sulphuric  acid  was  there  in  the  solution  ? 

5.  At  least  how  many  grams  of  barium  chloride  crystals, 
BaClo.  2  HgO,  are  required  to  pro<luce  a  solution  that  will  pn- 
cipitate  all  the  sulphuric  acid  formed  when  10  grams  of  sul- 
idiur  are  dissolved  in  fuming  nitric  acid? 

6.  How  could  you  distinguish  between  sodium  sulphite  and 
sodium  sulphate  ? 

7.  How  could  you  distinguish  between  sodium  chloride  and 
ammonium  cliloride  ? 

8.  How  could  you  distinguish  between  a  soluble  sulidiide, 
sulphite,  and  sulphate? 

9.  From  what  you  have  already  learned  of  annnonium  com- 
nounds,  tell  what  will  probably  happen  when  you  heat  annno- 

lium  sulphide,  (NHJgS  ? 


CHAPTER   XIV, 
CARBON  AND  ITS  COMPOUNDS. 

196,  Carbon.  —  The  element  carbon  is  found  in  a 
free  and  an  almost  pure  state  as  diamond^  grapliite^  and 
anthracite  coal ;  it  is  found  combined  in  all  organic  sub- 
stances, in  carbon  dioxide^  in  carbonates,  in  coal,  and  in 
petroleum. 

Like  sulphur,  carbon  exists  in  several  allotropic  forms 
(^cf.  §  175),  the  forms  usually  distinguished  being  (1) 
diamond,  (2)  graphite,  and  (3)  amorphous,  i.  e.,  non-crys- 
talline, carbon. 

These  three  modifications  of  carbon  differ  to  such  an  extent 
that  they  were  long  considered  different  chemical  individuals. 
Their  identity  is  proved  by  burning  them  in  oxygen  ;  for  equal 
parts  by  weight  of  each  give  equal  amounts  of  carbon  dioxide. 

C  + 02  =  002. 
12     32       44 

197.  The  Diamond.  —  The' diamond  is  prized  for  its 
luster,  its  strong  refractive  power,  and  its  hardness.  It 
is  one  of  the  hardest  substances  known. 

The  specific  gravity  of  the  diamond  is  3.5.  Acids 
and  alkalies  have  practically  no  effect  upon  it;  but 
when  it  is  heated  to  about  700°  C.  in  oxygen,  it  Jt^nw, 
forming  carbon  dioxide.     When  a  diamond  is  heated 
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between  the  poles  of  a  powerful  batterj-  it  is  changed 
into  graphite. 

Diamonds  have  been  made  artificially  bv  cr\'8tallizing  carbon 
from  solution  in  melted  iron.  This  process  usually  «;ive8  «rrai)h- 
ite,  but  if  the  melted  iron  cools  under  great  prei^anre  \\\v  rar])on 
appears  in  the  form  of  small  diamonds.  The  necessar}'  pres- 
tmre  is  secured  by  chilling  the  exterior  of  the  mass  of  iron  :  th«* 
contraction  of  the  exterior  thus  causes  great  pres.^^ure  upon  the 
interior  of  the  mass. 

So  far  as  known,  no  artificial  diamonds  yet  nuule  are  larL'e 
-enough  to  have  any  commercial  importance. 

198.  Graphite.  —  Graphite  is  sometimes  found  crys- 
tallized, but  usually  in  an  amoiplious  fonn.  Its  sjkm-- 
jfic  gravity  is  about  2.25.  It  owes  its  name,  "  black 
lead,"  to  a  confusion  of  names. 

Graphite  is  a  good  conductor  of  heat  and  of  (4ectncity. 
Owing  to  \i»  friability  it  is  used  to  make  ''lead  '"  pencils. 
Mixed  with  clay  it  is  the  mateiial  of  graphite  cnicibltfs, 
which  are  used  in  making  "crucible"  steel.  Other 
uses  are :  To  protect  iron  from  the  air,  as  in  stove  polish, 
to  coat  grams  of  shot,  and  as  a  lubricant. 

(rraphite  is  produced  artificially  ((/.  §  107)  ])y  crystallizing 
charcoal  from  molten  iron  and  steel. 

199.  Amorphous  Carbon.  —  The  amorplious  forms 
of  carbon  include  the  several  vaiieties  of  coal,  gas  car- 
bon, coke,  charcoal,  and  lampblack ;  all  of  these  are 
formed  by  the  charring^  i.  e.,  carbonization,  of  animal  or 
vegetable  sulistiinces. 
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200.  Natural  Carbonization ;  Coal. — Carbonization 
lias  tfiken  place  in  nature  on  a  large  scale.  Vegetable 
matter,  accumulated  in  certain  localities  through  many 
generations,  and  decaying  in  the  absence  of  air,  was 
without  doul)t  the  material  from  which  coal  was  fonned. 
This  partially  decayed  matter  was  probably  much  like 
peat.  When  the  peat  was  buried  under  sediments,  and 
tlius  subjected  to  water  and  pressure,  a  slow  carboniza- 
tion took  place;  as  a  result  gaseous  products,  such  as 
natural  gas,  etc.,  passed  off,  and  the  excess  of  carbon  re- 
mained behind. 

The  varieties  of  coal  owe  their  origin  to  the  different  degrees 
of  water-action  and  i)ressure  to  which  the  peat  was  subjected. 
Thus,  soft,  i.  e.,  bituminous,  coal  contains  many  gaseous  sub- 
stances, as  is  shown  by  its  burning  with  a  large  flame  and  much 
smoke  ;  anthracite  coal,  on  the  contrary,  is  nearly  pure  carbon, 
and  burns  with  a  Siuull  flame. 

The  table  on  the  following  page  shows  the  approximate 
composition  of  wood  and  of  several  varieties  of  coal. 
The  difference  between  the  sum  of  the  parts  per  cent 
and  100  represents  in  each  case  the  ash,  or  mineral  mat- 
ter, of  the  coal. 

201.  Artificial  Amorphous  Carbon.  —  The  artificial 
carbonization  of  wood  produces  wood  charcoal  and  lamp- 
black ;  that  of  soft  coal,  coke  and  gas  carbon;  that  of 
animal  matter  (bones,  blood,  etc.),  animal  charcoal  and 
bone-black. 


WOOD   CHARCOAL. 
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Lampblack.  —  Lampblack,  or  soot^  is  produced  l)y 
Imi-niiig  resinous  wood,  or,  for  the  better  li^rades,  oil  or 
gas,  in  an  insufficient  supply  of  air.  It  is  used  in  making 
printer  s  ink,  black  paints,  India  ink,  etc. 

Wood  CharcoaL  —  Wood  cliarcjoal  is  made  l)y  the 
"destructive  distillation  "  of  wood.  The  o[)eration  may 
be  carried  out  either  in  iron  retorts,  or  by  piling  the 
wood  in  -heaps  covered  with  sod  (Fig.  48)  and  llieix 
setting  fire  to  the  heaps.  In  the  latter  case  some  of  the 
wood  burns,  but  its  combustion  gives  heat  for  the  de 
composition  of  the  remainder. 

The  charcoal  obtained  from  a  <2;iven  mass  of  wood  weighs 
from  15%  to  25%  as  much  as  the  wood  taken  ;  the  loss  ia 
due  to  the  escape  of  volatile  substances.     The  gaseous  products 
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wiTo  formerly  iiaud  as  illiiniinatiii;,'  gas  ;  the  ll(|ui(l  [liirta  t 
8iHt  of  wooil  epirit  (methyl  aluohol),  atetic  acid,  etc. 


Wooil  diiiix;!)!!!  is  used  in  the  reduction  of  iron  fi-om  its 
(iitts  and  ivtt  a  <lisinfeetii]it.  It  absorbs  lui^e  quantities 
iif  i-ei'tiiin  ^ises:  ninety  vulnmes  of  ammonia,  or  nine 
volmiK's  of  i)x_Vfj('n  aiti  known  to  have  been  taken  up 
hy  onv  volnnie  t>f  l>ox-wootl  eharcoal.  Charcoal  owes 
ils  iictiiin  as  ii  disinfectant  to  its  power  of  al)sort>- 
iiijj  noxious  gases,  along  with  oxygen,  in  its  pfii'es. 
'J'lit'  oxygon  destroys  the  bacteria  in  the  other  gases. 


Coke  and  Gas-Carbon.  —  <yoke  is  the  residue  left 
wbfii  siiTt  coal  is  distilled:  ;/iis-earhmt  is  the  vobitile 
dike  condensed  upon  the  walls  of  the  retorts. 

(ias-carlxm  is  mi-titllii-  in  clwraoter  and  a  good  con- 
ductor of  electricity;  it  is  used  for  tlie  negative  plates 
nT  cKvlric  cells  ami  for  l)ie  iH>ncils  of  electric  arc-lamps. 

('(ikc  is  used  chictly  in  metallui'g}-  to  reduce  the 
metals  from  their  ores.     It  is  also  a  fueL 
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The  volatile  products  ubtidued  in  the  distillation  of  coal  coii- 
oist  of  illuminating  gas,  coal-tar  (the  source  of  many  organic 
compounds),  ammonia,  etc.  {cj\  §  14:^). 

Animal  Charcoal  and  Bone-black.  —  Animal  cliar- 
eoal  and  bone-black  are  used  to  destroy  organic  coloring 
matter.  When  a  solution  of  brown  sugar,  for  example,  is 
filtered  through  bone-black,  the  solution  becomes  color- 
less.    Vinegar  may  be  clarified  in  the  same  way. 

^Vhen  hones  are  distilled  destnictivcly  the  volatile  products 
consist  largely  of  hone-oil.  UsuaHX*^he  l^oncs  are  deprived  of 
their  gelatine  before  being  carboliized.  In  eith(»r  case  tlui  ani- 
mal charcoal  obtained  contains  the  mineral  matter  of  thi^ 
hones. 

202.  Carbon  Dioxide ;  Occurrence. — There  are  two 

compounds  of  carbon  and  oxygen,  viz.,  carhon  ino)uu'i.de. 
and  carbon  dioxide;  of  these  the  latter  is  l)y  far  the  more 
importiint. 

Carbon  dioxide  is  present  in  tlie  air,  in  some  miiuMal 
springs,  and  in  certain  localities  where  it  escapes  from 
the  earth.  Ten  thousand  parts  by  volume  of  air  con- 
ttiin,  on  the  average,  al)0ut  8.5  pjirts  of  carbon  dioxide 
('/.  §  117). 

Carbon  Dioxide  Exhalations.  —  At  llerste,  near  Driburtj:,  (ier- 
mau}',  certain  borings  made  in  1SJI4  struck  carbon  dioxidi^  at  a 
depth  of  148.5  meters.  A  violent  outburst  of  tlie  j;:aH  took 
place,  no  less  than  40,000,000  liters  escapin<^  daily.  The  car- 
bon dioxide  was  99.84%  pure.  In  1897,  10,000  kilograms,  i.e., 
about  one-eighth  of  the  outflow,  were  li(iuefied  daily. 

The  origin  of  the  carbon  dioxide  wjis  probal)ly  tln>  action  of 
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certciin  silicates,  i.  e.,  salts  of  silicic  acid^  HgSiOg,  upon  calcium 
carbonate. 

203.  Preparation  of  Carbon  Dioxide.  —  In  the  lal> 
omtory,  carbon  dioxide  is  commonly  made  by  decompos- 
iug  a  carbonate  by  an  acid.  The  carbonate  generally 
used  is  marble^  CaCOg.  The  reaction  of  marble  with 
hydrochloric  acid  is  represented  by  the  equation, 

Cixi\\  +  2  IICI  =  (^aCl^  +  H3CO3  0'.  e.,  CO2+  H^O). 

Evaporation  of  the  solution,  after  all  action*  ceases,  gives 
calcium  chloride,  CaCL,  the  substance  used  to  dry  gases,  etc. 

204.  Physical  Properties.  —  Carbon  dioxide  is  a 
Oidorless  iras.  It  has  the  sli«rhtly  acid  taste  known  to  all 
who  drink  **  smla  water/'  It  is  about  one  and  one-half 
liuios  as  hoavv  as  air ;  one  liter  weighs  1.97  grams  at 
slandaixl  conditions. 

(lasoiUis  carlH>n  dioxide  mav  be  condensed  to  the 
lii|uiil  state  at  ortlinarif  teni[H*ratures  by  a  pressui-e  of 
aUnit  tiftv  atmospheivs :  alH>ve  ^U**  C,  however,  —  its 
critical  toni{vrature,  — the  gvis  cannot  be  liquefied  by 
piv^^iuv.  If  linuid  oarKm  dioxide  is  allowed  to  evapo- 
rate rapidly,  it  solid i tics,  forming  a  white  mass  like 
siunv.  When  liquid  air  {^r/.  ^  122)  evaporates,  solid 
carUui  div^xido  is  iisuallv  left  Wliind. 

.Vbvn;r  ton  uulliv^n  kilo^rrHms  of  liiiuiil  carbon  dioxide  are 

USOvl  UUUUalA. 

Water  alvjiv^rW  uKnit  1,S  times  its  own  volume  of 
cavlvti  vUv^xivio  ^^v^i  at  <ta:idaixl  wuulidoiis;  with  increase 
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of  pressure  the  amount  dissolved  increases.  When  the 
excess  of  pressure  is  removed  from  water  surcharged 
with  carbon  dioxide,  much  carbon  dioxide  escapes; 
hence  the  sparkling  of  "  soda  water  "  and  also  of  spring 
water,  which  usually  has  carbon  dioxide  in  solution. 

205.  Chemical  Properties.  —  Carbon  dioxide  does 
not  allow  ordinary  burning  to  continue  in  it  any  more 
than  water  does,  and  for  the  same  reason. 

Because  of  its  inability  to  support  combustion,  car])on  di- 
oxide is  used  to  extinguish  fires.  For  this  purpose  it  is  .ij:en- 
erated  in  a  strong  reservoir  by  the  action  of  dihite  sulphuric 
acid  upon  sodium  carbonate. 

KaaCOg  +  H2SO4  =  NagSO^  +  II2CO3  (i.  c,  TT,()  +  CX),). 
The  resulting  gas  is  directed  in  a  stream  upon  the  flames. 


Carbon 


CO 


•o- 


FlG.  44. 


Very  strongly  burning  substances,  however,  continue 
to   burn  in  the   gas;   examples   are    sodium  and  wioy- 


nesium. 
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The  eciiiations  for  the  action  of  burning  sodium  upon  carbon 
dioxide  are,  — 

(1)  4Na  +  C02  =  2Na^O  +  C. 

(2)  Na,0  +  CO2  =  Na^COs- 

When  carl>ou  dioxide  is  passed  over  red-hot  carbon 
(Fig.  4-1)  it  is  reduced  to  carbon  monoxide  (cf.  §  212). 

CO2  +  C »2C0. 

The  vohnne  of  the  carbon  dioxide  formed  by  the 
union  of  a  given  volume  of  oxygen  with  carbon  is 
equal  to  the  volume  of  the  oxifgen. 

C  +  O2  =  CO2. 

12       32  44 

1  vol.    1  vol. 

Of  tlu>  vi>lume  of  the  carbon  nothing  can  be  stated,  because 
carhi>n  canni>t  roadily  be  obt;uued  in  the  gaseous  state. 


ao6.    Other  Sources  and  Uses  of  Carbon  Dioxide.  — 

(<0  Fermentation.  When 
an  aqueous  solution  of  cane 
sugar  f>r  grape  sugar  is  sub- 
jected to  the  action  of  the 
yeast  plant,  the  sugar  is  de- 
compOiseil ;  the  chief  prutlucts 
aiv  c^/AW  aJ^^hol^  C^H^OH, 
and  carbon  dioxide.  The 
alcohol  ivmains  in  solution, 
but  nuv^t  of  iho  oarlvti  dioxide  os^'aii^es  in  gaseous  form. 
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Fig.  45  shows  some  characteristic  yeast  plants  in  the  pro- 
cess of  budding. 

Tfie  decomposition  of  siigar  by  yeast  is  ciilled  alco- 
holic fermentation.  Grape  sugar  is  a  complex  compottJid:' 
of  the  formula  CgHjgOg ;  its  decomposition  in  femien- 
tation  is  chiefly  according  to  the  equation, 

CgHj^O,  =  2  CO,  +  2  C^HjOII. 

The  brewer  uses  fermentation  to  produce  alcoholic 
liquoi-s ;  the  baker,  to  raine  bread. 

(ft)  .gaking  Powders.  Ordinary  baking  powder  is 
a  mixture  of  potassium  hydrogen  tartrate.,  KllC^II^O^. 
(commonly  called  "  cream  of  tartar  "),  and  sodium  hi- 
emhorjiMfi',  NaHCOg,  mth  some  diluting  substiince,  e.  cj. 
corn-starch.  ^Tlie  ingredients  act  upon  each  othei*  only 
when  moist  or  in  solution.  Tlie  equation  for  the  de- 
composition of  baking  powder  is,  — 

KHC^H^Og  +  NaHCOg  =  KNaC4H406  +  ir,CO,. 

The  substance  KNaC^H^Og  is  called  "  Ilochelle  Salt." 

Theoretically,  any  substance  that  will  hberate  (•ar])on  diox- 
ide from  sodium  bicarbonate  might  be  used  in  place  of  cream 
of  tartar,  but  practically  a  substance  must  be  used  that  will 
not  form  a  residue  injuridtis  to  the  human  system. 

"  Acid  Phosphate "  baking  powders  contain  so- 
dium bicarbonate  and  calcium  hydrogen  phosphate., 
CaH^(P04)y     The  calcium  hydrogen  phosphate  liber- 
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ates   carbon  dioxide  from  sodium  bicarbonate,  just  as 
cream  of  tartar  does. 

207.  Relation  of  Carbon  Dioxide  to  Life.  —  Sub^ 
stances  containing  carbon  usually  give  by  their  oxida- 
tion carbon  dioxide.  The  same  result  follows  whether 
the  oxidation  is  slow  or  rapid.  .  Hence  all  decay^  as  of 
wood,  paper,  etc.,  results  in  the  formation  of  this  gas. 

Carbon  dioxide  fails  to  support  animal  life,  not  because 
carbon  dioxide  is  poisonous^  but  because  animals  cannot  ex- 
tract from  it  the  oxygen  necessary  for  respiration.  Besides, 
the  presence  of  even  a  little  more  than  the  normal  amount  of 
carbon  dioxide  in  the  air,  say,  7  or  8  parts  in  10,000,  prevents 
the  proper  exit  of  carbon  dioxide  from  the  lungs. 

The  fact  that  the  enormous  quantity  of  carbon 
dioxide  constantly  poured  into  the  air  by  the  respiration 
of  animals  and  plants  does  not  accumulate  until  it 
destroys  higher  animal  life  is  due  largely  to  the  agency 
of  vegetation. 

To  plants,  carbon  dioxide  is  an  important  food ;  for 
chlorophyll-producing,  i.  e.,  green,  plants  are  able  to  con- 
vert carbon  dioxide  and  water,  in  the  presence  of  light, 
into  sugar,  starch,  wood,  and  the  various  compounds  of 
carbon,  hydrogen,  and  oxygen  of  which  most  vegetable 
products  consist. 

The  natural  cycle  through  which  carbon  dioxide  passes  is 
impressive  :  — 

(1)  Plants,  by  means  of  energy  derived  from  the  sun, 
change  carbon  dioxide  and  water  into  plant  tissue; 
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(2)  Animals,  appropriating  the  stored-up  energy  of  plants, 
give  it  forth  in  their  activities  and  return  carbnn  dioxide  t«» 
the  air. 

208.  Carbonic  Acid.  —  The  aqueous  solution  of 
carbon  dioxide  has  slightly  acid  properties  and  gives 
carbonates  witli  soluble  bases;  hence  the  sulistance 
H2CO3  —  carhotue  acid  —  probaUy  exists  in  solution. 
C/ai'bon  dioxide  is  thus  carbonic  anhydride. 

Carboiiic  acid  cannot  be  isolated ;  fen*  it  breaks  up 
very  j-eadily  into  carbon  dioxide  and  water. 

112003=  H.O-i- CO,. 

In  its  instability  carbonic  acid  is  lik(»  aininoniuin  hydroxide 
and  sulphurous  acid  (cf.  §§  149  and  VS.\). 

209.  Carbonates. — Wlien  carlxm  dioxide  is  passed 
into  solutions  of  metallic  hydroxides  it  is  absorbed, 
forming  carbonates. 

Thus,  sodium  hydroxide  and  carlxmic  aci<l  ((•arl)on  dioxide 
with  water  is  probably  carhtmia  at-'ul)  react  accordini,'  to  tlie 
ecpiation, 

2  XaOII +  1X2008  {L  c.,C02  +  TU))  =  XaXO:j  +  -'  FLO. 

A  similar  reaction  takes  place  when  carbon  dioxide;  is 
passed  into  a  solution  of  calcium  liydroxide  (liiiit*- 
w«iter) ;  but  in  tliis  case  tlie  carbonate  formed  is  In- 
soluble.     As  a  result  the  lime-water  Ixicomes  "  milky." 

The  equation  is,  — 

0a(0H)2  +  H2CO3=  CaC0^-\-'2  \ip. 


198  CARBON  AND  ITS  COMPOUNDS. 

With  haryta-water  (barium  hydroxide  solution)  the  result  is 

analogous. 

Ba(0II)2  +  H2CO3  ==  BaCO^  +  2  H2O. 

If  a  gas  forms  a  white  precipitate  on  being  passed  into 
lime-^ater  or  baiyta-water,  we  generally  assume  that  the 
gas  is  carbon  dioxide  (cf  §  117). 

All  the  common  carbonates  except  those  of  sodium, 
potassium,  and  ammonium  are  insoluble  in  pure  water, 
and  are,  therefore,  precipitated  when  one  of  the  three 
soluble  carbonates  is  added  to  the  solution  of  a  metal 
salt. 

Thus,  fiodium  earhonate  gives  with  calcium  chloride  a  pre- 
cipitate of  vidvium  airhonate, 

CaiX  +  Xa./H\=  CaCOs  +  2  ISTaCl. 

^lost  carbonates  except  those  of  sodium  and  potas- 
sium decompose,  when  heated,  into  the  con-esponding 
oxides  and  carlnMi  dioxide. 

Tluis,  marble  gives,  when  lieated,  quicklime  and 
carlH>n  dioxide. 

CaCOg ^CaO  +  CO^ 

Ainiuoniuiu  carbonate  is,  of  course,  decomposed  by  heat,  like 
other  ainiuonium  salts.     It  is  often  called  ''\^al  volatile.^^ 

T\ni  couunon  method  of  idcntifgitig  a  carbonate  is  to 
trtnit  it  with  a  dilute  acid  and  tlien  to  prove  that  the 
escaping  g-as  is  carlnni  dioxide. 

210.  Bicarbonates.  —  If  carlx^n  dioxide  is  passed  into 
linu^water  long  eiiough,  the  j)recipitate  of  calcium  car- 
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boiiate,  which  is  formerl  ai  &r>i^  will  ''.¥r  i-.^/jcjc-J/*.?.  A 
similar  insult  takes  place  wiiL  lidriuiL:  :.;».!:•■  -xUr.  TJ-:> 
phenomenon  may  1*  ]jic>x  iii3«irrsi' •• »!  ;«;i"  •.■••n.jiitrii.i:  :; 
with  the  action  of  earir»iiic  acid  <  /.  •..  «:-s:]»«ii  d:"\i«i»r 
and  water)  upon  s«.Klium  earlxtnate  — n  iviic:;'.«3:  reirtr- 
sented  hy  the  expiation, 

Tlie sub^^taiiee  XaHCO,  i*  j^'fUuot  hu*^n.-j*  -i  •■•ir7,.i,,.ir^  j  imH-.]. 
also,  sodium  biearbonat^r^  :  wlifU  it  i«  Lrat»rtl  ir-utly  it  l.-r-ak* 
up  into  s«xliuni  carbonate.  caHx*n  dioxi'Itr.  and  watt- r. 

2  XalICO, »  Xa.C<X  -^  HjCO,  (i.  ^ -  HJ  )  —  d  », .. 

In  a  similar  wav  an  excess  of  carlNini^-  arid  c«»in>-M> 
calcium  carlKinate  into  vah-onn  hu'ln^frn  .-./r^.. ./».*?., 
('arllCOg).^.  Tlie  precipitate  of  calcium  cnrlNinai»-  w-- 
dissolves,  therefore,  ^»wing  to  the  f«»rmation  of  >'.ih'fi,„ 
htrarbonate^  which  is  SK»luhle.     The  equation  i<. — 

CaCO,  +  HjCOj >  Ca(  H(  <  Jg  >,. 

Calcium  bicarbonate  is,  however,  'vr//  *//fx^//'/♦• :  ii  «k'- 
conqKises,  when  its  sfdutifui  is  heated,  into  calcium 
ca  r]x)na  te,  carbon  dioxide,  and  water.  //<-  m*»:  th  *:  pr*  'ij'  i- 
tate  of  calcium  carbonate  reappears  on  hoiUn*j. 

Tlie  behavior  of  calcium  carbonate  with  an  i*xiv!!»s  «if  car- 
bon dioxide  explains  the  8olul>ility  of  liniestono  in  natural 
waters  which  contain  this  gas  :  an<l  tho  t»ast'  with  wliith  i al- 
cinni  bicarbonate  is  decomposed  explains  why  most  waters 
deposit  their  limestone  upon  the  walls  of  vessels  in  whieh  they 
are  heated  (cf.  §  40). 
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In  many  limestone  regiona  undei^roiiiid  waters  are 
charged  nnder  pressure  with  carbon  dioxide,  and  there- 
fore take  u[)  large  qimntitiea  of  limestone ;  subsequently 
tlie  carbon  dioxide  escapes,  and  the  limestone  is  de- 
posited. These  linieatoiie  deposits  often  take  on  Ijcaii- 
tiful  and  fantastic  forms,  as  stalactites,  etc.     See  Fig.  46. 


211.    Natural    Carbonates.  —  The    most    abundant 
natural   carbonate   is   limestone,   CaCOg.     Large   quan- 
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titles  of  this  substance  are  distributed  over  the  land  and 
in  the  sea. 

Marble  is  a  finely  crystallized  limestone.  Iceland  S2)ar  is 
almost  pure  calcium  carbonate  ;  it  occurs  in  lar«;o  crystals. 
Coral  is  limestone  taken  from  the  sea  by  the  coral  polyp  and 
left  as  a  residue  when  the  polyp  dies.  The  slielh  of  most  water 
animals  are  largely  limestone. 

A  natural  mixture  of  calcium  and  magnesium  carbon- 
ates called  dolomite  is  idso  very  abundant ;  it  is  the  chief 
component  of  whole  ranges  of  the  Alps  mountains. 
Magnesite  is  natural  magnesium  carbonate. 

Sodium  carbonate  and  potassium  carbonate  exist  in  the 
soil  of  many  places.  The  ashes  of  sea-plants  contain 
sodium  carbonate ;  those  of  land-plants,  potassium  car- 
bonate. 

Both  of  these  carbonates  are  used  in  large  quantities  and 
are  made  synthetically,  especiall}'  sodium  carbonate,  on  an 
enormous  scale  (cf,  §  92).  A  largo  and  valuable  doi)osit  of 
ahnost  pure  sodium  carbonate  occurs  at  Owen's  Lake,  Cali- 
fornia. 

212.    Formation  of    Carbon   Monoxide.  —  Carbon 

monoxide  is  produced  by  the  reduction  of  carbon 
dioxide  by  hot  carbon.  This  operation  is  illustrated  in 
Fig.  44.     The  equation  is,  — 

CO2  +  C >2C0. 

A  common  illustration  of  the  same  reaction  is  seen  in  ever}' 
coal  fire.  The  coal  at  the  bottom  (Fig.  47)  burns  to  carbon 
dioxide  ;  but  as  this  gas  passes  through  the  bed  oi'  heated  coal 
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prepared  by  heating  mercuric  cyanide,  Hg(CN)2,  or  sil- 
ver cyanide,  AgCN. 

With  silver  cyanide  the  equation  is,  — 

2  AgCN  =  2  Ag  +  C^N^. 

A  cheaper  way  is  to  allow  a  solution  of  potassium  cyanide, 
KCX,  to  faU  drop  by  drop  into  a  hot  solution  of  cupric  sulphate. 
Cupric  cyanide^  Cu(C!N')2,  is  first  formed,  but  at  once  breaks  up 
into  cuprous  cyanide,  Cu2(CX)2,  and  cyanogen. 

(1)  CuSO^  +  2  KCN  =  Cu(CX)2  +  K^SO^. 

(2)  2  Cu(CX)2  =  Cu2(CX)2  +  CoXj. 

Cyanogen  is  a  colorless,  sweet-smelling  gas.  It  bums 
with  a  beautiful,  lavender-colored  flame,  forming  carbon 
dioxide  and  nitrogen. 

C^N^  +  2  O,  =  2  CO2  +  N3. 

Tlie  flame  of  cyanogen  is  douhle,  i.  e.,  it  has  ttro  zones  of  com- 
bustion (r/.  §§  11  and  214). 

Cyanogen  is  so  poisonous  that  no  one  but  an  expeii- 
enced  pei*son  should  make  it  in  quantity,  and  then  only 
where  there  is  a  strong  draught. 

216.  Hydrocyanic  Acid.  —  Hydrocyanic,  01  prussic^ 
acid  is  extremely  poisonous.  It  may  be  made  by  treat- 
ing cyanides,  e.  g.,  potassium  cyanide  or  potassium  ferro- 
cyanide,  with  dilute  sulphuric  acid. 

KCN  +  H^SO^^  KHSO4  +  HCN. 

It  is  a  colorless,  sweet-smelling  liquid,  boiling  at  27°  C. 
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217.  Compounds  of  Carbon  and  Hydrogen.  —  The 

number  of  compounds  formed  by  carbon  and  hydrogen 
is  very  large.  At  present  we  shall  consider  only  four^ 
viz. :  methane^  CH^ ;  ethane^  CgHg ;  ethylene,  CgH^,  and 
acetyletie,  CgHg.     All  are  colorless  gases. 

218.  Methane.  —  Methane,  or  marsh  gas,  is  formed 
in  the  destructive  distillation  of  coal,  and  is  therefore 
present  in  illuminating  gas  made  by  the  old  process  (r^'. 
§  223).  It  is  formed  in  nature  by  the  decay  of  orgtinic 
matter,  e,  g.,  leaves,  twigs,  etc.,  under  water;  hence  the 
name  "marsh  gas."  The  presence  of  tlie  gas  may  be 
observed  by  disturbing  the  material  at  the  bottom  of 
most  stagnant  pools,  especially  in  sununer. 

Marsh  gas  also  enters  coal  mines  ;  lioro  its  niixtiiro  with  air 
forms  the  dreaded  "^re  damp  "  (damp=,ij:jis  ;  cf,  (n>r.  J)aini)r.), 
wliifh  explodes  with  frightful  violence  when  ignitiKl.  It  was 
to  avoid  these  explosions  in  mines  that  Davy  made  his  celo- 
brated  "  safety  lamp  "  ((/.  §  32). 

Methane  forms  over  ninety  per  cent  of  the  gases  tliat 
escaj^e  from  petroleum  wells. 

Marsh  gas  is  commonly  made  in  the  laboratory  by 
heating  a  mixture  of  sodiwn  acetate,  NaC'2n3().^,  HotHion 
hydroxide,  and  quicklime.  The  gas  thus  produced  is 
not  pure,  however ;  it  contains  hydrogen  and  other  im- 
purities.    An  approximate  equation  is, 

NaCjHjOa  +  ^aOH  =  ^^^QO^  +  CH^. 
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Tlie  equation  repi"esenting  the  combustion  of  marsh 

gas  is,  — 

CII4+  2  O2  =  CO2  -[-  2  IlgO. 

1  vol.      2  vols.       1  vol.      2  vols,  (steam) 

219.  Ethane. — Ethane  is  formed  along  witli  mai-sh 
gas  in  the  decomposition  of  many  organic  substances, 
and  is  a  constituent  of  illuminating  gas.  Its  composi- 
tion is  represented  by  the  foi-mula,  CgHg.  It  burns  with 
iin  almost  colorless  flame. 

In  biiriiinj;,  ethane  produces  carbon  dioxide  and  water,  just 
as  marsh  <jfas  does,  but  the  relative  i)roportion8  are  different. 
This  fact  is  shown  by  the  equation, 

2  Cglle  +  7  O3  =  4  CO2  +  G  II3O. 

2  vols.  7  vols.     4  vols.       6  vols,  (steam) 

220.  Ethylene.  —  Ethylene  may  l>e  prepared  by  lieat- 
ing  ethyl  alcohol,  CgHgOH,  with  concentrated  sulphuric 
acid  to  above  140°  C.  The  following  equajion  repre- 
sents in  part  what  takes  place :  —  * 

C2II5OH  —  H3O  =  C^H,. 

Ethylene  is  present  in  illuminating  gas ;  it  burns  with 
a  l)rig}it,  luminous  flame,  producing  carbon  dioxide  and 
water. 

C2H4  -f  3  O2  =  2  CO2  +  2H2O. 
1  vol.        3  vols.      2  vols.         2  vols. 

The  most  remarkable  property  of  ethylene  is  its  power  to 
absorb  chlorine  and  bromine,  giving  ethylene  chloride  and 
bromide. 
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Thus,  CgH^  +  2  Br  =  CgH^Brg. 
28        160  188 

Both  the  cliloride  and  the  bromide  are  heavy,  colorless  oils. 

221.  Acetylene.  —  Like  the  other  compounds  of 
hydrogen  and  carbon  that  have  been  mentioned,  acety- 
lene is  present  in  illuminating  gas.  It  is  fonned  when 
a  Bunsen  burner  bums  at  the  base  instead  of  at  the  top, 
and  may  then  be  recognized  by  its  penetrating  odor. 

Acetylene  has  been  formed  by  passing  an  electric 
spark  between  carbon  terminals  in  a  vessel  of  hydrogen. 

2  C  +  H^  =  CgHg. 

Acetylene  has  recently  been  made  on  a  commercial  scale  by 
the  action  of  water  containing  a  little  hydrochloric  acid  upon 
tlie  carlndes  of  certain  metals.  The  carbide  commonly  used  is 
calcium  carbide^  CaCg.  The  decomposition  of  this  substance 
by  water  is  represented  by  the  equation, 

CaCg  +  2  HgO  =  C2TT2  +  Ca(0II)2. 

Calcium  carbide  is  produced  by  heating  a  mixture  of  quicJc^ 
dme,  CaO,  and  coal,  or  coke,  in  the  eUcMc  furnace.  The 
reaction  is  represented  thus  :  — 

CaO  +  nC  =  CaCo  +  CO. 

A  section   of  a  simple  j\  « 

electric  furnace  is  shown/  —  1 1  +  J/ 

in  Fig.  48.  ^         "  —  '  ~       "^ 


Acetylene  burns, 
under  proper  condi- 
tions, with  a  flame  of 
dazzling  whiteness  and  without  soot.     It  is  readily  con- 


Pig.  48. 
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densed  to  the  liquid  state.    Ordinarr  mixtures  of  gaseous 
acetylene  and  air  are  ven'  explosive. 

The  equation  for  the  combustion  of  acetylene  is,  — 

2  C2H2  -f  oOj  =  4CO2  +  2  HjO. 

2  vols.         5  vols.      4  vols.  2  vols. 

222.  Tlliiiniiiating  Gas.  —  Illuminating  gas  is  a  mix- 
ture of  several  gases  already  studied.  These  gases  may 
be  divided  into  (<i)  combust ihle  gases  and  (&)  impurities. 

The  impurities  are  chiefly  nitrogen  and  carbon  dioxide. 

The  combustible  gases  are  of  two  kinds :  — 

(1)  Those  that  bum  without  giving  light,  and  (2) 
those  tliat  bum  with  luminous  flames. 

The  non-illuminating  gases  are  hydrogeriy  methane^  and 
carbon  monoxide ;  they  make  up  about  ninety  per  cent 
l)y  volume  of  the  gas.  The  illuminating  gases  are  the 
so-culled  '•'lieavy  liydrocarbons,"  ethane^  propane^  CgHg, 
butane  J  C'^IIj^^,  etc.,  and,  usually,  small  amounts  of 
etht/lcne  and  acetf/lene. 

"^Fwo  geiiend  processes  ai'e  employed  in  making  illumi- 
nating g*as  :  — 

(1)  The  distillation  of  soft  coal. 

(2)  The  '^  water-gas  "  process. 

223.  Illuminating  Gas  by  Distillation  of  Coal. — 

The  old  process  of  making  gas  is  carried  out  as  shown 
in  Fig.  49. 

Soft  coal  in  the  retorts  C  (there  are  usually  several  retorts, 
one  over  the  other)  is  heated  hy  the  lire  A  to  the  temperature 
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of  decompoHition.  The  vnlatUi;  products  pass  off  througli  the 
pipe  T  into  the  "hydraulic  main"  B.  The  hydraulic  main 
tontaiiia  water,  which  coudenBes  rauuh  tar,  etc.,  from  the  gas. 
From  B  the  gaa  paBSes  through  the  "  coiideusers''  D,  which 

starni    over  water  ;   here  the    gas  is  cooled,  and  niori'  of   tJie 


From  the  condensers  the  gas  passes  through  the  colce  towers, 
or  "  BcrubherH  "  O  ;  into  these  water  is  sprayed,  and  the 
illuminating  gas  is  thereby  freed  from  xoluble  gases,  such  a^ 
nmmonia  and  hydrogen  tviphide. 

From  the  "scrubbers"  the  gas  paases  into  the  "purifiers  " 
M.  The  purifiers  are  large  boxes  containing  trays  of  slaked 
lime  ;  this  substance  removes  carbon  dioxide  and  traces  of 
hydrogen  sulphide.  The  gas  then  enters  the  gas  holder  G  ; 
thence  it  is  distributed  to  the  community  through  the  sei-vice 
pipe  S'. 

Many  other  valuable   pi-oducts    besides   illuminating 
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gas  are  obtained  by  the  distillation  of  coal.  The  am- 
moniacal  liqnors  of  the  condensers  and  coke  towers  are 
the  sources  of  ammonmm  compounds  (c/.  §  143) ;  the 
tar  of  the  liydraulic  main  and  condensers  gives,  when 
distilled,  the  important  substances  benzene^  toluene^ 
phenol  (carbolic  acid),  naphthalene^  etc. ;  the  residue  in 
the  retorts  is  coke  and  gas  carbon  (cf.  §  201). 

The  composition  of  a  representative  illuminating  gas  made 
l)y  the  old  process  is  shown  in  the  table  accompanying  §  226. 

224.  Water-gas  Process.  —  Within  recent  years  the 
old  process  for  the  production  of  artificial  gas  has  been 
almost  entirely  displaced  by  the  "  water-gas  "  process. 
In  this  process  steam  is  passed  over  white-hot  anthracite 
coalo  The  reactions  wliich  take  place  are  represented 
by  the  equations, 

.      (1)  C  +  2  II^O  =  00^  +  2  H^. 
(2)  C()2  +  C=  2  CO. 

The  mixture  of  carbon  monoxide  and  hydrogen  is 
"  water-gas."  It  may  be  used  directly  for  fuel,  but  not 
for  lighting,  since  it  burns  with  a  colorless  flame. 

For  the  convereion  of  water-gas  into  an  illuminating 
gas,  the  water-gas  is  "  enriched  "  by  the  addition  of 
l)etroleinn  hydrocarbons.  The  process  of  making  an 
illuminating  water-gas  will  be  understood  from  Fig.  60. 

Anthracite  coal  is  licatt'd  to  white  heat  in  the  "generator" 
by  means  of  a  bhist  of  air  forced  through  the  coal  by  the 
en<riiu'.  Tlio  blast  of  air  is  then  cut  off,  and  superheated 
steam  is   forced    ^ver   the   coal,  reacting  with  it,  as  already 
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shown,  to  form  carbon  monoxide  and  hydrogen.  The  mixture 
of  these  two  gases  is  then  forced  into  the  ''  superheaters,"  in 
which  light  petroleum  oils  are  being  decomposed  by  heat. 
Here  the  water-gas  obtains  marsh  gas  and  the  hydrocarbons 
which  give  ordinary  gas  its  illuminating  power. 

From  the  superheaters  the  gas  passes  through  the  ''  scrub- 
ber"  and  the  ''  condenser,"  in  which  the  undecomposed  petro- 
leum and  any  carbon  dioxide,  etc.,  are  removed. 

225.     Comparison  of  the  Two  Kinds  of  Gas.  —  The 

composition  of  two  samples  of  illuminating  gas,  one 
made  by  the  distillation  of  coal  and  the  other  by  the 
"  water-gas  "  process,  is  given  in  the  following  table  :  — 


Old  Process. 

New  Process. 

lIv(lro?:cn. 

4G.O^ 

29.5K 

ISIethane. 

39.(Kt 

20.0?t 

Carbon  monoxide. 

5.5)( 

32.7^ 

1 

i 

llyilrocarbons. 

e.oi 

1 
11.2^ 

1 

Carbon  dioxUlo. 

1.2?t 

2.8^ 

Oxygen. 

NltroKon  (Ity  did'eronoe). 

0.3)( 

o.oi 

2.W 

88K 

Total 

100.0^ 

100.0)( 

(ias  made  1)V  tlie  "water-gas''  process  is  more  poison- 
ous than  that  made  by  the  distillation  of  coal,  owing  to 
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the  presence  of  the  large  quantity  of  carbon  monoxide 
in  water-gas ;  otherwise  the  two  gases  do  not  differ 
greatly  in  properties. 

226.  Amount  of  Gas  Used.  —  The  quantity  of 
manufactured  gas  used  in  tlie  I'nited  Stales  is  enor- 
mous; it  amounts  to  about  sixtv  thousand  millions  of 
cubic  feet  annually. 

The  city  of  Chicago  alone  used,  during  the  year  llHlo, 
not  less  than  scventy-iivc  hundred  millionA-of  cubic 
feet  of  artificial  gas,  to  say  no  tiling  of  natural  g;is. 

227.  Exercises. 

1.  IIow  many  grams  of  carbon  are  needed  to  reduce  lo 
grams  cupric  oxidie,  CuO,  if  the  carbon  is  oxidized  to  carluni 
dioxide  ?     How  many  grams  of  carbon  dioxide  are  formed  ? 

2.  AVliat  volmne  of  carbon  dioxide  at  0°  (\  and  7(»(l  mm.  can 
be  produced  from  840  grains  magn<*sium  car])onntc.  M<r( '()..? 

3.  How  many  grams  of  sodium  bicarbonate  are  needed  to 
give,  vchen  heated^  30  liters  of  carbon  dioxide?     {([f.  S-H^) 

4.  AVhat  is  the  fornmla  of  barium  hydroL'en  carlMniate? 
AVhat  products  are  formed  wlien  its  solution  is  boiled? 

5.  IIow  many  liters  of  carbim  dioxide  are  formed,  at  stiuulard 
conditions,  by  the  combustion  of  250  grams  car])oii  monoxide? 

6.  Calculate  tlie  percentage  composition  of  calcium  car])on- 
ate,  carl)on  dioxide,  oxalic  acid. 

7.  How  would  3'ou  distinguisli  l)etween  sodium  carbonate, 
sodium  sulphite,  and  sodium  sidphide,  chemically  ? 

8.  How  would  5'ou  distinguish  between  tlie  gases  carbon 
dioxide,  carbon  monoxide,  oxygen,  hydrogen,  and  annnonia? 


CHAPTER   XV. 
FLAMES.    HEAT  OF  FORMATION  AND  DECOMPOSITION. 

A.    Flames. 

228.  Luminosity  of  Flames.  —  As  stated  in  Chaptei 
II,  §  33,  aflame  is  a  bumiTiff  gaseous  body.  The  amount 
of  light  given  off  by  a  flame  depends  upon  the  nature 
of  tlie  burning  substance  and  upon  its  density. 

As  an  illustration  of  the  influence  of  density,  we  may  take  the 
case  of  hydrogen.  This  substance  ordinarily  burns  in  air  and 
in  oxygen  with  an  almost  invisible  flame;  if,  however,  the 
hydrogen  and  the  oxygen  are  very  much  compressed  before 
ignition,  the  flame  produced  by  their  union  is  a  very  brilliant 
one. 

The  illuminating  power  of  all  ordinary  flames  is  due 
to  the  presence  of  incandescent  solid  particles.  This 
may  be  illustrated  by  introducing  any  fine  dust  into  a 
flame  of  hydrogen  or  into  the  colorless  Bunsen  flame ; 
the  flame  at  once  becomes  luminous. 

In  the  combustion  of  substances  containing  carbon,  — 
such  substiinces  as  candles,  illuminating  gas,  paper,  pe- 
troleum, wood,  coal,  etc., — the  luminosity  of  the  flame 
is  due  to  the  glowing  of  particles  of  carbon  in  the  flame. 
A  cold  object  inserted  into  the  flame  produced  by  one 
of  these  substances  becomes  covered  with,  soot ;  and  too 
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little  air,  or  too  much  air,  causes  the  flame  to  smoke, 
owing  to  the  escape  of  unbumed  i>artieles  of  carbon. 


— ly 


229.  Stmcture  of  Flames.  —  A  burning  candle 
shows  piuctically  the  same  phenomena  as  the  other  com- 
pounds of  carbon  just  named,  and  may  Ije  tiiken  as  rej^ 
resentative  of  them. 

The  burning  of  a  small  portion  of  the  wick  of  thi' 
candle  furnishes  heat  enough  to  melt  some  of  the  wax. 
The  wick  then  draws  the  melted  wax,  by  capillaiy  action, 
into  the  flame,  where  the  wax  is  first  vaporized  and  then 
ignited. 

If  the  candle  flame  be  examined,  it  will  be  found  to 
consist  of  several  regions,  or  zone9^  of  com- 
bustion, surrounding  a   centml   cone-shaped 
region  of  unbumed  gases.     These  parts  are 
shown  in  vertical  section  in  Fig.  51. 

X  is  the  region  of  unburn ed  gases. 

B  is  the  luminous  zone.  It  contains  solid  par- 
ticles of  carbon  in  a  state  of  combustion.  B'  is 
the  ruddy  tip  of  the  luminous  zone. 

A  is  the  outer  mantle  of  the  flame.  Being  non- 
luminous  it  is  obscured  by  the  light  of  jK,  except 
at  the  bottom,  where  it  forms  a  blue,  cup-shaped 
region. 

In  addition  to  the  parts  just  named,  an  impor- 
tant region  is  believed  to  exist  about  the  region  X.        fig.  6i. 
This  zone  is  designated  C  in  tlie  idealized  section 
of    a  candle  flame  (Fig.  52).      Being    non-luminous,  the   re- 
gion C  is  obBCored  by  the  light  of  B. 
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Wlu^ihor  a  Haino  is  to  be  luminous  or  noh-lumiiious  depends 
upou  the  condition  of  affairs  in  the  region  C 

Wliat  takes  place  in  a  candle  flame  is   probably  as 
follows  :  — 

The  vaporized  paraifin  (wax)  of  the  region  X  (Fig. 
52)  burns  in  part  m  the  zone  (7,  producing 
enough  heat  to  decompose  some  of  the  paraf- 
ihi    vapor  into   hydrogen,   certain   hydrocar- 
bons (especially  acetylene),  and  solid  carbon. 
These  substances  burn  further  in  the  region 
^1    li,  the  carbon  burning,  as  usual,  with  a  bright 
>^  (jloWy  and  thus  causing  the  luminosity  of  this 
^  ivgion.     \\\A  the  gases  and  the  carbon  escap- 
ing unburned  through  B  are   more    or   less 
completely  burned. 

Flu.  M.  230.  Non-Luminous    Flames.  —  The    de- 

conipi>silion  of  the  combustible  material  of 
ivgion  A'  (^Fig.  52)  into  acetylene,  carbon,  etc.,  in  the 
region  C  ivquiivs  a  definite  deijfree  of  temperature  ;  hence, 
if  the  temporal uiv  of  C  is  suflieiently  lowered,  the 
llumo  iHH'inuos  non-luminous.  This  is  exactly  what 
lakes  place  in  in-jiciice;  for  if  lai^  quantities  of  a  cold 
ihluiing  g;is,  ». ;/.,  air,  carbon  dioxide,  or  nitrogen,  are 
iniroiluced  into  A',  thus  cooling  Cy  the  luminosity  of 
the  llaiuo  is  dosinnvd.  U\  however,  the  diluting  gases 
tuv  tii'si  hcaiod,  the  uouJumiuous  flame  becomes  lumi- 
nous. 
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In  the  non-luminous  flame  the  region  Cimxy  readily  be 
distinguished  by  its  light-blue  color. 

The  explanation  of  non-luminosity  in 
(hunes,  just  given,  contains  tlie  theory  of 
the  Bunsen  burner  (Fig.  53).  AMien  tlie 
lioles  at  the  base  of  the  burner  are  open, 
the  gas  which  rushes  past  the  holes  draws 
in  currents  of  air,  and  the  flaine  is  non- 
luminous;  when  the  holes  are  closed  the 
lianie  is  luminous.  Carbon  dioxide,  nitro- 
gen, etc.,  give  the  same  result  as  air. 


Air  <        f  Air 


The  zones  of  combustion  in  the 
Bunsen  flame  are  as  follows  (Fig. 
54):  — 


FlO.  53. 


Xis  the  region  of  unburned  gas,  as  in  the  candle 
flame. 

G  is  the  light-blue,  inner  cone  surrounding  X. 

£  is  the  non-luminous,  dark  cone.     In  the  candle 
flame  this  is  luminous. 
■A       ^  is  the  purple,  outer  mantle.     In  the  candlo  this 
is  the  faintly  luminous  halo  surrounding  the  Hamo. 


231.  Simple  and  Complex  Flames. — The 
C  simplest  flames  are  those  having  only  one  cone 
^  of  combustion.     Illustrations  are  the  flames  of 
carbon  monoxide   (^ef.  §  214)  and  liydrogen  (<;/*. 
§  11).     It  is   to   be  noted  that  these  are  sub- 
no.  64.    stances  that  can  luive  only  one  combustion  in 
air;  for  carbon  monoxide  can  burn  only  to  fonn 
oarlion  dioxide,  and  hydrogen  only  to  form  water. 
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Substances  that  can  have  two  combustions  burn  with 
flames  consisting  of  two  zones. 

The  best  illustration  of  this  fact  would  probably  be  gaseous 
carbon^  if  it  could  be  obtained.  lu  place  of  carbon  we  can  use 
cyanogen,  CgNg  (c/.  §  215)  ;  for  the  nitrogen  takes  practically 
no  part  in  the  combustion.  Cyanogen  really  burns  with  aflame 
consisting  of  two  zones.  Both  carbon  and  carbon  monoxide 
burn  to  carbon  dioxide  in  its  flame. 

The  flame  of  a  hydrocarhony  in  which  three  combus- 
tions are  possible,  lias,  like  that  of  a  candle,  three 
regions  of  combustion. 


0 


I 


232.  Dissection  of  Flames. — 

Complex  flames  may  be  dissected 
and  the  separate  zones  made  to 
burn  by  themselves.  This  may  l)e 
done  with  illuminating  gas  as  fol- 
h)ws :  — 


Two    pieces  of   glass    tubing,    one 
larger  in  diameter  than  the  other  (Fig. 
55),   are  joined  b}'  a  rubber  tube  so 
that  the  inner  tube  may  be    moved 
within   the  outer  one.     At  first  the 
AirBiai»t^  II  Gu      iuucr  tube   is  so  adjusted   that  its 

Fig.  65.  top  is  just  below  that  of  the  outer 

tube.     The  inner  tube  is  connected 
with   an  inverted  T-tube. 

Illuminating  gas  is  passed  through  one  arm  of  the  T-tube 
uid  lighted  at  tho  toj)  of  the  larger  (outer)  tube  ;  then  a  cur- 
rent  of  air  is  forced  through  the  other   arm   of  the   T.     Bv 
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a  careful  adjustment  of  the  air  supply  to  that  of  the  gas,  the 
colorless  Bunsen  flame  is  obtained. 

If,  now,  while  the  colorless  flame  is  burning,  the  inner  tube 
is  lowered^  so  that  the  distance  between  the  tops  of  the  two 
tubes  is  gradually  increased,  a  position  will  be  found  at  whieli 
the  name  divides  into  two  flames,  one  upon  the  outer  tube  and 
one  upon  the  inner  tube.  f  i  . 

B.    Heat  of  Formation  and  of  Decomposition. 

233.  Energy  Changes  Accompany  Chemical 
Changes.  —  Chemical  changes  result  not  only  in  the 
formation  of  new  substances,  but  also  in  the  evolution 
or  the  absorption  of  energy.  The  energy  may  appear 
in  the  form  of  heat,  light,  electric  effects,  etc. 

To  iUustrate :  The  union  of  carbon  with  oxygen  produces 
carbon  dioxide  ;  but  at  the  same  time  a  considerable  evolution 
of  heat  and  light  takes  place.  Since  the  energy  evolved  conies 
from  the  carbon  and  the  oxygen,  carbon  dioxide  must  possess 
less  energy  than  the  elements  which  produced  it.  So,  also, 
water  has  less  energy  than  the  hydrogen  and  oxygen  from 
which  it  was  formed. 

A  mixture  of  elements  capable  of  uniting  chemically 
with  evolution  of  heat  must  be  looked  upon  as  having 
potential  energy.  In  the  act  of  union  this  energy  is 
partly  given  up  in  the  kinetic,  i.  e.,  active,  fonu ;  while 
in  the  resulting  compound  there  must  be  less  energy 
than  existed  in  the  elements.  Furthermore,  to  restore 
the  carbon  and  the  oxygen  of  carbon  dioxide  to  tlie  ele- 
mentary condition,  as  much  energy  must  be  added  to  the 
carbon  dioxide  as  was  evolved  when  the  elements  united. 
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234.  Heat  of  Formation  and  of  Decomposition.  — 

The  quantity  of  heat  evolved  in  many  cases  of  chemical 
action  has  been  determined  by  experiment.  If  we  call 
t)ie  amount  of  heat  necessary  to  raise  the  temperature 
of  one  gmm  of  water  from  0°C.  tol°C.a  gram-eenti" 
grade  (g.  c.)  heat  unit,  we  may  write  the  equation  for 
the  union  of  hydrogen  and  oxygen  as  follows  :  — 

H2  +  O  =  HaO  +  68,400  g.  c.  heat  units. 

This  equation  shows  not  only  that  2  grams  of  hydro- 
gen and  16  gmms  of  oxygen  unite  to  form  18  grams  of 
water,  but  also  that  by  their  union  68,400  heat  units 
are  liberated. 

Similarly,  for  the  union  of  12  grams  of  carbon  and  32  grams 
of  oxygen  we  may  write, — 

0  +  02  =  CO2  +  97,000  g.  c.  heat  units. 

For  the  union  of  1  gram  of  hydrogen  and  35.5  grams  of 
chlorine  the  equation  is, — 

H  +  CI  =  HCl  +  22,000  g.  c.  heat  units. 

.  The  difference  between  the  energy  (calculated  as  heat) 
possessed  by  the  elements  which  united  to  form  a  com- 
pound and  that  possessed  by  the  compound  itself  is 
called  the  heat  of  formation  of  the  compound. 

I'he  heat  of  decomposition  of  a  compound  is  numeri 
cally  equal  to  the  heat  of  formation ;  that  is  to  say,  the 
quantity  of  heat  necessary  to  separate  a  compound  into 
its  elements  is  just  as  great  as  that  evolved  when  the 
compound  was  formed />om  its  elements. 
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235.  Positive  and  Negative  Heat  of  Formation.  -^ 

The  heat  of  formation  of  water,  of  carbon  dioxide,  and 
of  hydrochloric  acid  is  positive  (+),  heat  being  evolved 
when  these  compounds  ai'e  formed;  many  cases,  how- 
ever, exist  in  which  heat  is  not  evolved,  but  absorbed 
in  the  formation  of  a  compound  from  its  elements.  In 
such  cases  the  heat  of  formation  is  negative  ( — ). 

An  iUustration  is  the  case  of  carbon  disulphide,  a  substance 
which  is  produced  (rf.  §  183)  by  passing  sulphur  vapor  ovor 
liot  charcoal.  Carbon  burns  in  sulphur  with  ahsorptUm  of  heat. 
The  quantity  of  heat  rendered  potential  by  the  union  of  12 
grams  of*  carbon  and  64  grams  of  suli)hur  is  shown  by  the 
equation, — 

0  +  28  =  C82  —10,000  g.  c.  heat  units. 

Similarly,  hydrogen  and  iodine  unite  with  ji])sorption  of  heat. 

II  +  I  =  in  —  6,100  g.  c.  heat  units. 

A  compound  witli  a  negative  heat  of  fonnation  is  in 
a  state  of  tension^  or  of  unstable  equilil)riuni ;  for  it  is 
possessed  of  more  energy  than  its  constituent  elements. 
When  such  a  compound  is  decomposed,  energy  is 
evolved. 

236.  Heat  of  Formation  Evolved  in  Stages.  — Just 
as  it  makes  no  difference  in  the  total  quantity  of  heat 
given  out  whether  a  given  mass  of  a  combustible  burns 
slowly  or  rapidly  {cf,  §  28),  so  the  total  amount  of  heat 
evolved  (or  absorbed)  in  the  formation  of  a  compound 
is  the  same  whether  the  compound  is  formed  in  one  or 
in  several  stages. 
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Thus,  the  heat  of  formation  of  calcium  carbonate^  CaCOg,  is 
equal  to  the  sum  of  the  heats  of  formation  of  calcium  oxide ^  CaO, 
and  of  carbon  dioxide^  COg,  !plus  the  heat  evolved  when  cal- 
cium oxide  and  carbon  dioxide  unite  to  form  calcium  carbon- 
ate. 


CHAPTER   XVI. 
MOLECULES  AlTD  ATOMS. 

237.  Law  of  Multiple  Proportions.  —  We  have 
iilreiidy  learned  (^cf.  §  69)  that  cheuiiciil  ilmniLres  take 
place  between  definite  masses  of  suhstaiiit'S,  an«l  that 
any  given  chemical  compound  always  contains  the  siime 
elements  united  in  the  same  pnipurtion.  While  there 
is  no  reas(m  to  doubt  these  statements,  a  further  fact- is 
also  true,  and  has  already  been  stated,  viz.,  that  the 
same  two  (or  more)  elements  may  unite  in  tlitft-nttt 
proportions  to  fonn  different  eompuuioh. 

Thus,  carbon  and  oxygen  unite  in  the  proportion  of  .3  parts 
of  carbon  to  4  of  oxygen  to  form  carbon  wio/ioxide,  and  in  tht» 
proi)ortion  of  3  of  carbon  to  Sof  oxygen  t«)forni  carbon  r//oxide. 

Similarly,  iron  and  sulphur  fonn  three  distinct  conipouiuls: 
8uli)hur  and  oxygen,  tf/»o  or  more  (of,  §  UK));  nitrogen  and  oxygen, 
/re  (</.  §§  166  to  171);  potassium,  chlorine,  and  oxygen, /o^r 
(potassium  salts  of  the  chlorine  acids  named  in  §  10()). 

■ 

All  of  the  cases  named  illustrate  the  Law  of  Multi- 
pie  ProportionSj'which  may  be  stated  in  it«  simplest  fonn 
as  follows :  — 

If  two  elements  form  several  compounds  with  each  other^ 
the  different  masses  of  one  element  which  comhine  with  a 
fixed  mass  qf  the  other  hear  a  simple  ratio  to  one  another. 
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Thus,  as  stated  above,  the  ratio  between  the  two  quantities 
of  oxygen  combining  with  3  parts  of  carbon  is  4:8,  i.  e., 
1 :  2.  The  ratio  between  the  two  quantities  of  oxygen  combined 
with  2  parts  of  sulphur  in  sulphur  (Zioxide  and  sulphur  irtoxide 
is  2  :  3 ;  that  between  the  five  quantities  of  oxygen  combined 
with  7  parts  of  nitrogen  is  8:  IG  :  24  :  32  :40,  i.  e.,  1:  2  :  3  :  4  :  5. 

The  law  of  multiple  proportions  was  stated  by  John 
Dalton,  in  1804,  from  the  consideration  of  only  a  feiv 
compounds ;  but  it  has  been  confinned  by  the  work  of 
the  past  century,  and  is  one  of  the  fundamental  prin- 
ciples of  Chemistry. 

238.  The  Atomic  Hypothesis.  —  We  may  regard 
matter  as  made  up  in  either  of  two  ways:  (1)  as  infi- 
nitely divisible,  or  (2)  as  composed  of  small,  indivisible 
particles.  We  know  that  a  piece  of  gold,  for  example, 
can  be  divided  into  very  small  pieces ;  and  we  may 
imagine  that  the  subdivision  of  the  gold  might  be  con- 
tinued forever.  On  the  other  hand,  we  may  suppose 
that  after  repeated  subdivision  the  particles  of  gold 
become  so  small  that  they  cannot  be  divided  further. 

Both  of  these  views  of  matter  may  be  reasoned  about,  but 
cannot  be  proved.  The  hypothesis  that  matter  is  composed  of 
indivisible  particles  is  generally  known  as  the  atomic  hypothe- 
sis, or  theory.  The  indivisible  particles  are  called  atoms,  from 
the  Greek  atomos,  meaning  *'  indivisible."  At  the  present  time 
chemists  usually  hold  the  atomic  hypothesis. 

239.  The  Law  of  Definite  Proportions  Explained  by 
the  Atomic  Theory.  —  Dalton   saw  that   the   idea  of 
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indivisible  particles  was  connected  with  tlie  laws  of  defi- 
nite and  multiple  proportions.  For,  if  elements  are 
made  up  of  atoms,  all  the  atoms  of  any  one  element  will 
probably  liave  XhQsame  mass;  while  atoms  of  different 
elements  Avill  have  differeivt  masses.  When,  therefoi'o, 
two  elements  unite,  the  union  must  take  place  between 
the  atom^  of  these  elements. 

Suppose  one  atom  of  one  element  (let  us  call  it  A)  unitos 
Avith  one  atom  of  another  element  (B),  and  so  on  tlirou^liout 
the  whole  mass  of  the  two  elements  ;  it  is  evident  that  if  tlu>ro 
is  the  same  number  of  atoms  of  each  kind,  none  of  eitlier  kind 
will  remain  uncombined  when  the  action  is  coniplc^te. 

Let  us  suppose,  further,  that  the  atoms  of  B  are  tfrice  as 
heavy  as  the  atoms  of  A.  Then,  if  the  elements  unite  atom  for 
atom,  the  resulting  compound  Avill  necessarily  contain  the  ele- 
ments in  the  proportion  of  one  part,  by  weight,  of  A  to  Un) 
parts,  by  weight,  of  B.  Or,  if  we  analyze  the  compound  con- 
sisting of  A  and  B  united  atom  for  atom,  and  find  that  it  contains 
one  part,  by  weight,  of  A  to  two  parts  of  B,  we  i:iust  conclude 
that  the  atom  of  B  is  twice  as  heavy  as  the  atom  of  A. 

In  the  light  of  the  atomic  theory,  therefore,  chemical 
action  mvM  take  place  between  definite  inasses  of  sul> 
stances.  The  theory  is  thus  an  explanation  of  the  law 
of  definite  proportions  (^cf.  §  69). 

240.  Explanation  of  tb^^  Law  of  Multiple  Propor- 
tions. —  The  atomic  theory  is  the  explanation  not  only 
of  the  law  of  definite  proportions,  but  also  of  that  of 
multiple  proportions.  For,  if  atoms  are  indivisible,  as 
their  name  indicates,  elements  tliat  combine  with  one 
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another  in  more  than  one  proportion  must  do  so  in  some 
way  that  will  not  require  the  dividing  of  an  atom  ;  that 
is  to  say,  the  elements  A  and  B  must  unite  in  the  pro- 
portion of  one  atom  of  A  to  one  of  B,  or  one  of  A  to  two 
of  B,  or  one  of  A  to  three  of  B,  or  two  of  A  to  three  of 
B,  etc. 

Let  us  suppose,  as  in  §  239,  that  the  atom  of  B  is  twice  as 
heavy  as  that  of  A  ;  then,  if  A  and  B  combine  atom  for  atom, 
it  is  evident  that  the  compound  formed  wiU  contain  the  elements 
in  the  proportion  of  one  part,  by  weight,  of  A  to  two  parts  of  B; 
but  if  one  atom  of  A  unites  with  Uco  atoms  of  B,  the  resulting 
compound  will  contain  the  elements  in  the  proportion  of  one 
part,  by  weight,  of  A  to  four  parts  of  B. 

Thus,  if  we  assume  the  atomic  hypothesis,  it  follows 
that  elements  which  combine  with  one  another  in  more 
than  one  proportion  must  do  so  according  to  the  law  of 
multiple  proportions. 

241.  Distinction  between  Atoms  and  Molecules.— 

As  has  already  been  stated  (cf.  §  131),  the  physical 
properties  of  gases  receive  a  reasonable  explanation 
from  the  assumption  that  matter  is  composed  of  mole- 
ctiles.  Molecules  and  atoms  are  not  identical ;  for  while 
atoms  are  thought  of  as  the  very  smallest  particles  into 
which  matter  is  capable  of  being  divided,  molecules  are 
held  to  be  the  aggregations  of  atoms  which  form  the 
physical  units  of  matter.  The  atoms  composing  a 
molecule  do  not  (usually)  part  company  when  matter 
imdergoes  a  physical  change. 
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To  illustrate  :  The  physical  properties  of  amiiioiiia  are  (?e- 
tennined  by  the  properties  of  the  ammonia  mohvules;  it  is  only 
when  we  subject  ammonia  to  a  chemical  change  that  we  diride 
the  molecule.  Then  it  is  that  the  properties  of  the  nitrogen 
and  hydrogen  atoms  come  into  play. 

The  molecules  of  elements  consist  of  atoms  of  only 
one  kind ;  while  the  molecules  of  compound  substiinces 
contain  atoms  of  two  or  more  kinds. 

242.  The  Molecular  Masses  of  Gaseous  Substances. 

—  According  to  Avogadro's  Rule  (^/.  §  133),  the  num- 
ber of  molecules  in  equal  Volumes  of  all  gaseous  sul)- 
stances  is  approximately  the  same.  This  means  that  a 
liter  of  chlorine,  for  example,  contains  practically  as 
many  chlorine  molecules  as  there  are  hydrogen  mole- 
cules in  a  liter  of  hydrogen,  or  hydrochloric  acid  mole- 
cules in  a  liter  of  hydrochloric  acid  gas,  if  only  the 
temperature  and  pressure  are  the  same  in  all  cases. 

The  hypothesis  applies  not  only  to  true  gasos,  but  also  to  the 
vapors  of  many  substances  ordinarily  liquid  or  solid.  Tlius,  a 
liter  of  steam,  or  one  of  acetic  acid  vapor,  is  assumed  to  con- 
tain practically  as  many  molecules  as  a  liter  of  hydrogen  under 
the  same  conditions. 

From  the  relative  masses  of  e(j[ual  volumes,  /.  e.^  the 
densities,  of  gaseous  substances,  we  can  get  tlie  relative 
masses  of  molecules ;  for,  if  a  liter  of  chlorine  is  found 
to  weigh  3.18  grams  and  a  liter  of  nitrogen,  under  the 
same  conditions,  1.25  grams,  and  if  the  number  of 
molecules  in  a  liter  of  each  is  the  same,  tlie  relative 
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masses  of  the  chlorine  and  nitrogen  molecules  must  be 
as  3.18  :  1.25. 

Moreover,  since  the  relative  masses  of  equal  volumes 
of  hydrogen,  hydrochloric  acid  gas,  steam,  and  oxygen, 
under  the  same  conditions,  are  as  0.0896  :  1.63  :  0.8064 
:  1.43,  respectively,  these  numbers  must  express  the 
relative  masses  of  the  molecules  of  the  substances 
named. 

Chemists  have  adopted  as  a  standard  the  molecular 
mass  of  oxygen  and  have  called  it  32.  The  reason  for 
this  will  appear  later  ((?/".  §  256). 

The  molecular  mass  of  hydrogen  is  thus  determined 
from  the  proportion,  — 

Wt.  of  1  liter  of  oxygen  :  Wt.  of  1  liter  of  hydrogen  :: 
molecular  mass  of  oxygen  :  molecular  mass  of  hydrogen  ;  or, 

1.43  :  0.0896  ::  32  :  a;. 
Whence  x  =  2.005. 

By  similar  processes  the  molecular  masses  of  chlorine, 
nitrogen,  hydrochloric  acid,  and  steam  may  be  deter- 
mined to  be  approximately  71,  28,  36.5,  and  18,  re- 
spectively. 

243.  Vapor  Density  Methods.  —  It  is  evident  from 
the  preceding  section  that  we  can  determine  the  approxi- 
mate molecular  mass  of  a  gaseous  substance  or  of  a  sub- 
stance that  can  readily  be  vaporized.  We  need  only 
get  the  weight  of  a  given  volume  of  the  substance  in 
the  gaseous  state  and  compare  this  weight  with  that  of 
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an  equal  volume  of  oxygen.     Methods  for  determining 
this  ratio  are  called  "  vapor  density  "  methods. 

Suppose  we  wish  to  get  the  approximate  molecular  mass  of 
chloroform,  a  substance  boiling  at  61°  C.,  at  ordinary  pressure. 
Several  vapor  density  methods  are  available;  one  of  them  is 
as  follows  :  — 


Victor  Meyer's  Method.  —  In  the  method  of  Victor  Meyer 
(Fig.  50),  a  weighed  amount  of  the  chloro- 
form (or  other  substance  whose  vapor  density 
is  to  be  found)  is  dropped  into  the  tube  A 
and  vaporized ;  the  air  which  is  expelled 
through  the  delivery  tube  and  collected  in 
the  graduated  tube  is  a  measure  of  the  vol- 
ume of  the  chloroforiri  vapor.  We  thus  ob- 
tain the  weight  of  a  given  number  of  cul)ic 
centimeters  of  chloroform  vapor.  By  com- 
paring this  weight  with  the  weight  of  an 
equal  volume  of  oxygen,  we  can  get  tlie 
molecular  mass  of  chloroform. 

The  tube  A  is  raised  to  any  required  tem- 
perature by  boiling  some  liquid  in  the  jacket 
B  ;  in  the  case  of  chloroform,  water  might 
be  used. 

244.  Other  Methods  of  Determining 
Molecular    Masses.  —  Vapor    density     (r) 
methods      of     determining     molecular  ym,  5c. 

masses  do  not  apply  to  substances  that 
cannot   be    vaporized    without    decomposition    nor    to 
those    whose   boiling   temperatures   are   so  high  as  tu 
1)6   practically   unattainable.      For   soluble    su])stances, 
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however,  other  methods  can  be  used.  These  methods 
are  based  upon  the  fact  that  substances  in  dilute  sohi- 
tion  behave  much  as  they  would  if  they  were  gaseous 
(c/.  §§  138  and  139)  and  occupied  the  same  volume  as 
is  occupied  by  the  solution. 

Thus,  if  we  take  two  substances  whose  molecular  masses 
have  been  determined  in  other  ways  and  dissolve  equal  quan- 
titles  of  them  in  equal  amounts  of  the  same  solvent,  we  shall 
find  tliat  the  osmotic  pressures  of  the  two  solutions  are  propor- 
tional to  the  molecular  masses  of  tJie  dissolved  substances.  That 
is  to  say,  the  number  of  the  dissolved  molecules,  and  not  their 
nature^  determines  the  osmotic  pressure. 

By  comparing  the  osmotic  pressure  of  a  substance  of  known 
inoh^cular  mass  witli  that  of  one  whose  molecular  mass  is  ?(>i- 
known^  the  unknown  molecular  mass  might  be  found. 

The  osmotic  pressure  method  is  not  used  much,  be- 
cause two  other  effects  due  to  dissolved  molecules  are 
more  readily  measured;  these  are  (1)  the  raising  of  the 
hailing  point  of  the  solvent  and  (2)  the  fiepression  of  its 
freezing  point, 

245.  Boiling  Point  and  Freezing  Point  Methods.  — 

If  we  compare  the  temperature  of  boiling  pure  water 
with  that  of  water  containing  a  dissolved  substance, 
e.  g,^  sugar,  we  shall  find  that  the  dissolved  substance 
causes  the  water  to  boil  at  a  higher  temperature.  This 
is  true  in  general ;  a  dissolved  substance  raises  the  boil- 
ing temperature  of  the  solution  above  that  of  the  pure 
solvent. 
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For  dilute  solutions,  increasing  the  relative  quantity  of  tlio 
dissolved  substance  increases  the  rise  of  the  boiling  tempera- 
ture proportionally. 

Moreover,  if  two  substances  of  known  molecular 
masses  are  dissolved  in  amounts  proportional  to  their 
molecular  masses  in  equal  quantities  of  the  same  sol- 
vent, the  rise  of  the  boiling  point  is  the  same  in  the  two 
cases.  But,  taking  mbstayices  in  quantities  i^roportional 
to  their  molecular  masses  is  tJie  same  as  taking  equal  num- 
bers  of  molecules ;  hence  the  rise  of  the  boiling  point, 
like  the  osmotic  pressure,  is  proportional  to  the  numher 
oi  dissolved  molecules. 

The  freezing  point  of  a  solution,  on  the  other  hand, 
is  lower  than  that  of  the  pure  solvent;  but  the  amount 
that  the  freezing  point  is  depressed,  like  the  rise  in  llie 
boiling  temperature,  is  proportional  to  the  numher  of 
dissolved  molecules,  and  independent  of  their  nature, 
Therefoi*e,  if  substances  are  dissolved  in  equal  amounts 
of  a  given  solvent  in  quantities  proportional  to  their 
molecular  masses^  the  freezing  points  of  the  solutions  are 
lowered  to  the  same  degree. 

There  are  thus  both  freezing  point  and  boiling  point  meth- 
ods for  determining  the  molecular  masses  of  many  substances 
that  cannot  be  handled  by  vapor  density  methods. 

246.  Methods  of  Obtaining  Exact  Molecular  Masses. 
—  All  of  the  methods  described  give  only  approximate 
molecular  masses  ;  eomct  molecular  masses  are  found  by 
quantitative  analysis. 
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Thus,  the  per  cent  of  chlorine  in  hydrochloric  acid  is  97.26. 

This  number,  must,  therefore,  be  to  100,  the  total  per  cent,  as 

tlie  mass  of  chlorine  in  the  molecule  is  to  the  mass   of    the 

%ch(jle  molecule,  or. 

97.26:  100  ::  x  :  36.5. 

AVlience  x  =  35.5,  approximately, 

la  the  same  way  the  mass  of  all  the  chlorine  atoms  contained 
in  the  molecule  of  each  of  the  other  compounds  can  be  found. 

It  will  be  observed  that  the  greatest  common  factor  of 
all  the  numbers  representing  the  masses  of  chlorine  in 
the  molecules  of  the  compounds  given  m  the  list  is  35.5 ; 
a  study  of  the  other  compounds  of  chlorine  only  coyifirms 
tlie  choice  of  this  number.  Thirty-five  and  five-tenths  is, 
therefore,  taken  as  the  approximate  atomic  mass  of 
chlorine. 

The  general  method  of  selecting  the  atomic  masses  of 
such  elements  as  hydrogen,  nitrogen,  bromine,  iodine, 
carbon,  sulphur,  phosphorus,  arsenic,  and  some  othei-s  is 
as  given  for  chlorine.  We  get  the  molecular  mass  and 
the  percentage  composition  of  each  of  the  known  com — 
pounds  of  the  element ;  the  greatest  common  factor  of  tli( 
numbers  representing  the  masses  of  the  element  foun( 
in  the  molecules  of  all  its  compounds  will  be  the  atomic^' 
mass  of  the  element. 

Note  that  the  atomic  mass  found  in  this  way  is  the  g^reatest 
atomic  mass  the  element  can  have.     The  study  of  other  com- 
pounds of  the  element  niaf/  make  it  necessary  for  chemists  to 
choose  some  suh-miiHlple  of  tlie  maximum  atomic  ma^s,  hut 
never  a  multiple  of  it. 
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249,  Exact  Atomic  Masses.  —  If  the  molecular 
masses  of  the  compounds  from  a  consideration  of  which 
the  atomic  mass  of  an  element  is  chosen  have  been  deter- 
mined accurately^  i.  e.,  by  quantitative  methods,  the 
atomic  mass  of  the  element  will  be  accurate ;  but  if  the 
molecular  masses  of  the  compounds  were  determined  by 
vapor  density  methods,  as  in  the  case  of  the  chloiine 
compounds  in  §  248,  the  atomic  mass  will  be  only 
approximate. 

Exact  atomic  masses  are  determined  by  comparison 
with  oxygen,  whose  atomic  mass  is  chosen  16.  Formerly 
hydrogen  was  used  as  the  standard,  its  atomic  mass  be- 
ing chosen  1.  But  oxygen  forms  compounds  with  so 
many  more  elements  than  hydrogen  does,  that  atomic 
masses  can  be  determined  more  directly,  and  lience 
more  accurately^  if  oxygen  is  taken  as  IG. 

The  list  of  atomic  masses  is  given  in  the  Appendix, 

250.  Dulong  and  Petit^s  Rule.  —  A  rapid  method  of 
getting  at  the  approximate  atomic  masses  of  solid  ele- 
ments, especially  metals^  is  based  upon  the  relation  be- 
tween the  specific  heat  (better,  relative  thermal  capacity) 
of  an  element  and  its  atomic  mass. 

By  the  specific  heat  of  a  substance  we  mean  the  quantity  of 
heat  required  to  raise  the  temperature  of  a  certain  mass  of  the 
substance  one  degree  of  temperature  as  compared  with  the  amount 
needed  to  raise  the  temperature  of  an  equal  mass  of  water  one 
degree.  To  illustrate :  if  two  iron  balls  of  equal  mass  and  at 
the  same  temperature,  say  at  200°  C,  are  put  into  equal  and 
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sufficiently  large  masses  of  water  and  mercury,  it  is  evident 
that  the  same  quantity  of  heat  will  be  imparted  in  the  two  cases. 
The  temperature  effect  will,  however,  be  very  different ;  for 
the  mercury  will  be  heated  through  about  32  times  as  many 


desjrees  as  the  water. 


Thus  the  specific  heat  of  mercury  is  ^,  or  0.0319. 

In  1819,  Dulong  and  Petit  observed  the  existence  of 
the  rule  which  is  called  by'  their  names ;  the  rule  may 
be  stated  as  follows :  — 

The  specific  heat  of  a  solid  element  multiplied  hy  its 
atomic  mass  is  a  constant  (about  6.26).  Some  illustra- 
tions appear  in  the  following  table :  — 


Element. 

Specific  Heat. 

ATOMIC  M.VSS. 

Atomic  Heat. 

Sodium. 

0.29 

• 

X             23 

=          6.7 

Potassium. 

0.166 

X             89 

—           6.5 

Iron. 

0.112 

X             86 

=           0.3 

Silver. 

0.057 

X            108 

=           6.1 

Tin. 

0.054 

X           118 

=           6.4 

Gold. 

0.032 

X           196 

=           6.3 

Mercury  (solid). 

0082 

X           200 

=           6.4 

Lead. 

0.031 

X           200.4 

=           6.4 

The  table  shows  that  the  higher  the  atomic  mass  is,  th^ 
lower  is  the  specific  heat.  The  complete  list  of  specific  heat» 
is  given  in  the  Appendix, 


It  is  apparent  that  the  rule  of  Dulong  and  Petit  may 
be  used  to  determine  the  approodmate  atomic  mass  of  an 
element     Thus,  knowing  the  specific  heat  of  cadmium 
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to  be  0.0567,  we  can  at  once  get  its  approximate  atomic 
mass.     We  simply  solve  for  x  in  the  equation, 

6.25 


0.0567 
Hence  x  =  110. 

The  exact  atomic  mass  of  cadmium  is  about  112. 

251.  Application  of  Atomic  Mass  Methods.  —  The 

methods  used  in  actually  getting  the  atomic  mass  of  an 
element  may  be  illustrated  by  the  the  case  of  zinc.  The 
method  used  for  chlorine  will  not  apply  here ;  we  must, 
therefore,  study  the  action  of  zinc  with  elements  of 
known  atomic  mass,  e.  g.,  with  hydrogen,  chlorine,  and 
oxygen. 

.  When  zinc  is  dissolved  in  certain  dilute  acids,  it  sets  free 
hydrogen;  we  can  thus  get  the  relation  between  the  mass  of 
zinc  taken  and  that  of  the  hydrogen  displaced,!.  6.,  the  equiva- 
lent of  the  zinc.  Now,  if  for  each  atom  of  zinc  dissolved  an 
atom  of  hydrogen  is  set  free,  the  mass  of  the  zinc  must  be  to 
the  mass  of  the  hydrogen  as  the  atomic  mass  of  zinc  is  to  the 
atomic  mass  of  hydrogen.  Since  we  know  the  atomic  mass  of 
the  hydrogen,  we  could  calculate  that  of  the  zinc. 

The  relation  of  zinc  to  hydrogen  is  about  as  32.7  : 1. 

A  second  element  with  which  we  can  compare  zinc  is 
chlorine.  The  compound  of  these  two  elements,  zinc  chloride, 
may  be  made  either  (1)  by  dissolving  zinc  in  hydrochloric 
acid  and  evaporating  the  solution,  or  (2)  by  burning  zinc  in 
chlorine. 
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The  relation  of  zinc  to  chlorine  in  zinc  chloride,  as 
determined  by  quantitative  analysis,  is  about  as  32.7  : 
35.5.     Hence,  if  chlorine  and  zinc  have  united  atom  for 
atom,  and  the  atomic  mass  of  chlorine  is  35.5,  the  atomic 
mass  of  zinc  must  be  32.7. 

Let  us,  however,  consider  a  third  compound  of  zinc, 
viz.,  its  oxide. 

This  substance  may  be  made  by  heating  zinc  in  oxygen,  or, 
better,  by  dissolving  zinc  in  dilute  nitric  acid  and  heating  the 
zinc  nitrate  formed  to  a  high  temperature. 

The  proportions  of  the  elements  in  zinc  oxide  are,  — 

zinc,  65.4  parts,  to  oxygen,  16  parts. 

Here,  also,  we  might  assume  that  zinc  and  the  other 
went  are  united  atom  for  atom ;   if  so,  the  atomic 

mass  of  zinc  is  65. 4^ 

To  compare  these  results  let  us  write  them  down  together  :  — 

(1)  One  part  of  hydrogen  (1  atom)  was  replaced  by  32.7 
parts  of  zinc. 

(2)  Thirty-five  and  five-tenths  parts  of  chlorine  (1  atom) 
united- with  32.7  parts  of  zinc. 

(3)  Sixteen  parts  of  oxygen  (1  atom)  united  with  65.4  parts 
of  zinc. 

Evidently  we  cannot  assume  that  one  atom  of  zinc 
unites  with  one  atom  of  the  other  element  in  each  of 
the  three  cases  ;  for  we  cannot  have  some  zinc  atoms 
with  a  mass  of  32.7  each,  and  others  with  a  mass  twice 
as  great. 

If  the  atomic  mass  of  zinc  is  32.7,  one  atom  of  oxygen  m'ust 
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unite  with  two  atoms  of  zinc  to  form  zinc  oxide  ;  if,  however, 
the  atomic  mass  of  zinc  is  60. 4,  two  atoms  of  hydrogen  must 
liave  been  replaced  by  one  of  zinc,  and  two  atouis  of  chlorine 
must  have  united  with  one  of  zinc. 

The  molecular  mass  oi  zinc  cliloride,  or  of  zinc  oxide, 
would  help  us ;  that  of  zinc  chloride  is  the  one  used ; 
for  the  weight  of  a  known  volume  of  its  vapor  has  lieen 
obtained.     By  a  solution  of  the  proportion, 

Wt.  of  1  liter  of  zinc  chloride  vapor  :  wt.  of  1  liter  of  oxygen 
(under  the  same  conditions)  : :  molecular  mass  of  zinc  chloride  : 
molecular  mass  of  oxygen,  i.  e.,  32  {cf,  §  242), 

the  molecular  mass  of  zinc  chloride  was  found  in  an 
actual  experiment  to  be  about  134.  This  result  is  suf- 
ficiently accurate  to  enable  us  to  decide  that  the  molec- 
ular mass  of  zinc  chloride  is  136.4  rather  than  one-halj 
or  twice  this  number. 

A  molecule  of  zinc  chloride  thus  contains  65.4  parts 
of  zinc  and  71  parts  (two  atoms)  of  chlorine.  We  do 
not,  however,  know  whether  the  two  atoms  of  chlorine 
are  united  with  one  atom  of  zinc  having  a  mass  of  65.4, 
or  with  two  J  each  having  a  mass  of  32.7  ;  or  with  three^ 
each  having  a  mass  of  21.8,  etc. 

We  now  apply  Dulong  and  Petit's  rule.  i^J  substi- 
tuting the  specific  heat  of  zinc,  found  by  experiment 
(0.094),  in  the  expression, 

6.25 


specific  heat 


^  atomic  mass, 
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we  obtain  66.5  for  the  approximate  atomic  mass  of  zinc. 
This  shows  ns  that  the  number  65.4  is  to  be  taken 
rather  than  any  sub-multiple  of  it. 

252.  How  Formulas  are  Determined.  — If  we  know 
the  molecular  mass  of  a  compound,  the  parts  per  cent  of 
each  element  in  the  compound,  and  the  atomic  masses  of 
the  elements,  we  can  determine  the  formula  of  the 
compound. 

To  illustrate:  A  certain  compound  of  carbon  and  hydrogen 
is  found  by  vapor  density  methods  to  have  the  molecular  mass 
72.  The  per  cent  of  carbon  is  83.33  and  that  of  the  hydrogen 
1G.67.  The  mass  of  all  the  carbon  atoms  in  the  molecule 
must  be  60  (=  72  X  .8333),  and  the  mass  of  all  the  hydrogen 
atoms  12.  Since  the  mass  of  each  carbon  atom  is  12,  there 
must  be  5  atoms  of  carbon  in  the  molecule  of  the  compound  ; 
and  since  the  mass  of  each  hydrogen  atom  is  1,  there  must  be 
12  hydrogen  atoms.     Hence  the  formula  is  CgHjg. 

If  the  molecular  mass  is  not  known,  we  cannot  be 
sure  whether  we  have  the  correct  formula  or  not.  Thus 
the  formulas  C^^Hg^,  CgoH^g,  etc.,  would  aU  have  the 
same  quantitative  composition  as  CgH^g.  This  may  l)e 
illustrated  by  the  following  case  :  — 

The  substances  formaldehyde^  acetic  a^cid,  and  grape- 
sitgar  all  have  the  same  quantitative  composition,  viz. :  — 

Carbon,  40.00%; 
Hydrogen,  6.67% ; 
Oxygen,  53.33%. 

What  are  their  formulas  ? 
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We  can  get  the  relation  between  the  numbers  of  atoms  of 
each  element  in  the  molecule  by  dividing  the  per  cent  of  each 
element  by  the  atomic  mass.     This  gives, — 

C,  3.33(=40-M2); 
H,  6.67  (=6.67  —  1); 
0,3.33  (=53.33-^16). 

Since  there  cannot  be  3.33  or  6.67  atoms,  we  find  the  simplest 
relation  between  these  numbers. 

3.33:  6.67:  3.33  ::  1 :  2:1. 

Hence,  the  simplest  formula  a  substance  of  the  given 
composition  could  have  is  CHgO.  Such  a  substcince 
would  have  a  molecular  mass  of  30.  This  is  the  mo- 
lecular mass  of  formaldehyde;  hence,  the  fonnula  of 
formaldehyde  is  CHgO.  The  molecular  mass  of  acetic 
acid  is  60,  and  that  of  grape-sugar,  180 ;  hence  the 
formulas  of  these  substances  are  CgH^Og  and  CgH^gOg 
respectively. 

253.  Molecular  Formulas  and  Equations.  —  The 
symbol  of  an  element  means  not  only  the  element  m  geti- 
eral  (^cf.  §  5)  and  a  definite  mass  of  it,  but  also  an  atom 
of  it.  As  symbols  stand  for  atomSy.  so  formulas  represent 
molecules.  The  numbers  which  we  called  combiniiig  pro- 
portions in  §  75  and  §  76,  because  they  represent  the 
proportions  6y  weight  in  which  elements  and  compounds 
enter  into  reactions,  were  derived  from  the  commonly 
accepted  atomic  and  molecular  masses.  The  equations 
previously  given  may  thus  be  looked  upon  as  represent- 
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iiig  cJianges  in  the  arrangement  of  the  atoms  composing 
molecules. 

Tlie  equation  for  the  action  of  zinc  and  sulphuric  at^-id.  for 
example,  means  that  one  aUnn  of  zinc  reacts  with  one  molecule 
of  sulphuric  acid  to  form  a  molecule  of  zinc  sulphate  and  two 
atoms  of  hvdroj'en.  The  hvdroj:jen  we  obt^n  bv  this  reaction 
Is  not,  however,  hydrogen  in  the  form  of  atoms,  but  of  mole- 
cules ;  for  the  atoms  have  united  with  one  another,  everv  two 
forming  a  molecule  of  hydrogen.  Hence  we  write  H^,  meaning 
one  molecule  of  hydrogen  (consisting  of  two  atoms),  rather  than 
2  II,  which  means  simply  two  atoms  of  hydrogen.  For  the  same 
reason  we  write  the  equation  for  the  union  of  hydrogen  and 
oxygen,  2 11,  +  Oj  =  2 H^O;  and  not  4  H  +  2 O  =  2 ILO;  nor 
yet  2  H  +  O  =  U^O. 

254.  Nascent,  or  Atomic,  State.  —  In  general,  we 
represent  the  factors  and  the  products  of  equations  by 
molecular  formulae  instead  of  by  atomic  symbols.  We 
do  this  because  we  Ijelieve  that  elements  in  the  free 
condition  usually  consist  not  of  atoms  but  of  molecules 
made  up  of  two  or  more  atoms  united. 

Thus,  although  oxygen,  hydrogen,  chlorine,  etc.,  are  set 
free  from  the  molecules  of  their  compounds  in  the  form  of 
atoms ^  they  do  not  remain  so;  for  the  atoms  unite  to  form 
molecules.  In  fact,  an  element  like  oxj'gen  is  in  the  atomic 
condition  only  during  the  infinitely  short  time  that  intervenes 
between  the  liberation  of  the  atoms  from  molecules  and  their 
union  with  other  atoms  to  form  new  molecules. 

A  proof  of  this  is  the  fact  that  an  element  has  proper- 
ties at  the  instant  of    its  liberation  from  a  compound, 
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I  e,^  in  its  nascent  condition,  which  differ  from  those 
we  ordinarily  recognize  as  belonging  to  the  element. 
Thus,  when  chlorine  liberates  oxygen  from  water  (c;/'. 
§  88)  in  the  process  of  bleaching,  the  nascent  oxygen  is 
much  more  active  than  ordinary  oxygen.  Many  other 
cases  of  the  same  kind  are  known. 

The  nascent  state  and  the  atomic  state  of  an  element 
thus  coincide. 

255.  Number  of  Atoms  in  the  Molecules  of  Ele- 
ments. —  We  have  just  learned  that  the  molecules  of 
hydrogen  and  oxygen  consist  of  two  atoms  eacli ;  the 
same  fact  is  true  of  seveml  other  elementary  gases. 

We  can  reason  that  the  molecules  of  oxygen  must 
consist  of  at  least  two  atoms  each  from  the  proportions 
hy  volume  in  which  hydrogen  and  oxygen  combiner 
We  can  represent  these  proportions  r/ raj)  lit  call//  by  hal- 
ting squares  represent  equal  volivmcs  of  the  gases  hydro- 
gen and  oxygen,  and  of  the  steam  formed  by  their  union. 

CD        +        D        =        DD 

2  vols,  hydrogen     1  vol.  oxygen     2  vols,  stcjun. 

Now,  according  to  Avogadro's  rule,  tlie  mnnlx^r  of 
molecules  of  hydrogen  and  oxygen  in  ecpial  v(  Innies 
must  be  approximately  equal ;  hence,  — 

Two  molecules  of  hydrogen  -|-  1  molecule  of  oxygon  give  2 
molecules  of  steam. 

To  form  one  molecule  of  steam,  however,  we  must 
imagine  union  to  take  place  between  one  molecule  of 
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hydrogen  and  otie-half  a  molecule  of  oxygen.     This  half- 
molecule  of  oxygen  is  the  atom  of  oxygen. 

That  the  molecules  of  hydrogen  and  of  chlorine  contain  two 
atoms  is  evident  from  a  similar  method  of  reasoning;  for,  since 
one  volume  of  hydrogen  and  one  volume  of  chlorine  give  two 
volumes  of  hydrochloric  acid  (cf,  §  94),  one  molecule  of  hydro- 
gen and  one  molecule  of  chlorine  must  give  two  molecules  of 
hydrochloric  acid.  Therefore,  one  molecule  of  hydrochloric 
acid  must  contain  one-half  a  molecule  of  hydrogen  and  one- 
half  a  molecule  of  chlorine.  Ilere  again  the  half-molecules  are 
the  atoms  of  these  gases. 

Methods  are  known  for  determining  the  number  of 
atoms  in  the  molecule  of  an  element  in  the  gaseous 
state  ;  the  results  obtained  agree  with  those  deduced 
by  our  reasoning.  No  reactions  now  known  make  it 
necessary  for  us  to  assume  that  there  are  more  than  two 
atoms  in  the  molecules  of  hydrogen,  oxygen,  nitrogen, 
chlorine,  and  fluorine.  Some  other  elements,  not  ordi- 
narily  gaseous,  have  two  atoms  to  the  molecule  in  the 
gaseous  state.  In  other  cases  the  molecule  consists  of 
only  one  atom ;  in  others  still,  of  three  or  more  atoms. 

256.  Reason  for  Choosing  32  as    the    Molecular 

Mass  of  Oxygen.  — We  can  see  now  why  the  molecular 
mass  of  oxygen  was  taken  as  32  {of.  §  242).  For,  if 
the  mass  of  the  oxygen  atom^  i.  e.,  the  half-molecule^  is 
assumed  to  be  exactly  16  (^cf,  §  249),  the  mass  of  the 
molecule  must  be  twice  as  great.  Formerly,  when  the 
mass  of  the  hydrogen  atom  was  taken  as  the  standard 
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for  atomic  masses,  the  mass  of  the  hydrogen  molecule 
(=  2)  was  taken  as  the  standard  for  molecular  masses. 

257.  Laws  of  Simple  and  Multiple   Volumes. — 

Graseoiis  bodies  combine  in  definite  proportions  not  only 
by  weighty  as  do  liquids  and  solids  as  well,  but  also  l)y 
volume.  This  was  the  case  when  oxygen  and  hydrogen 
united  to  form  steam  (cf.  §  38),  and  when  hydrogen  and 
chlorine  gave  hydrochloric  acid  gas  (cf,  §  94).  I'lie  re- 
lation between  the  volumes  of  the  combining  gases  and 
the  volumes  of  tlie  products,  if  these  are  gaseous,  is  also 
simple  and  definite.  Thus,  two  volumes  of  liydiogen 
and  one  of  oxygen  give,  on  union,  tivo  volumes  of  steam  ; 
and  three  volumes  of  hydrogen  and  one  of  nitrogen 
give  two  of  anmionia. 

These  and  other  facts  give  a  basis  for  tlie  Law  of 
Simple  Volumes,  which  is  :  The  volumes  of  re  act  in(j  gase- 
ous stibstances  have  a  simple  relation  with  one  another 
and  with  the  volumes  of  tlie  products^  if  these  are  gaseous. 

Just  as  we  have  a  Law  of  Multiple  Proportions  hy 

Weighty  so  we  have  a  Law  of  Multiple  Volumes.     It 

is  stated  thus :  If  two  ga^es  unite  in  more  than  one  pro- 

joortiony  and  we  consider  the  volume  of  one  as  fixed,  then 

tJie  several  volumes  of  tlie  second  gas  that  unite  with  the 

fixed  volume  of  the  first  are  in  a  simple  relation  to  one 

another. 

Thus,  the  volumes  of  nitrogen  which  unite  with  one  vohnne 
of  oxygen  to  form  nitrous  oxide  (N2O)  and  nitric  oxide  (NO) 
are  as  2  : 1  respectively  (cf.  §§  170  and  171). 
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258.  Volumetric  Meaning  of  an  Equation.  —  Since 
the  formula  of  a  gaseous  substance  means  a  molecule  of 
tlie  substance,  it  means  also  a  volume  of  it;  for  equal 
volumes  contain  approximately  equal  numbers  of  mole- 
cules. 

Thus,  in  the  equation, 

2IL  +  02  =  2H20, 

H2  means  one  volume  of  hydrogen;  and  2  H2,  ttvo  vol- 
umes. O2  means  one  volume  of  oxygen;  2  H^O  means 
two  volumes  of  steam. 

So  the  equation  Ng  -|-  3  Hg  =  2  NH3  means  that  one 
volume  of  nitrogen  and  three  volumes  of  hydrogen  unite 
to  give  two  volumes  of  ammonia.  These  relations  have 
all  l)een  proved  l)y  expeiiment. 

From  a  correctly  wiitten  equation  we  can,  therefore, 
know  in  what  proportions  bi/  volume  gaseous  substances 
unite. 

Thus,  the  equation, 

o  CO -f  O^  =  2  CO2, 

shows  that  one  volume  of  oxyoren  unites  with  two  of  carbon 
monoxide,  forming  tiro  of  carbon  dioxide.  In  other  words, 
the  volume  of  the  carbon  dioxide  formed  by  burning  a  given 
volume  of  carbon  monoxide  is  just  equal  to  the  volume  of  the 
carbon  monoxide. 
The  equation, 

CII4  +  20, »  COo  +  2  II3O, 

((/.  §  218)  shows  that  one  volume  of  marsh  gas  uses  up  two 
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volumes  of  oxygen  in  forming  one  volume  of  carbon  dioxide 
and  two  volumes  of  steam. 

If  a  substance  that  appears  in  a  reaction  is  not 
known  in  the  gaseous  state,  notliing  can  be  said  of  its 
volume. 

Thus,  the  equation,  C  +  Og »  COg,  tells  us  that  one  vol- 
ume of  oxygen  disappears  in  the  formation  of  one  volume  of 
carbon  dioxide  ;  but  it  does  not  tell  us  the  volume  of  the  car- 
bon that  unites  with  one  yolume  of  oxygen,  since  wo  cannot 
experiment  with  gaseous  carbon. 

259.  Valence.  —  The  student  must  have  notiecid 
from  the  formulas  previously  studied  tliat  aton;s  differ 
greatly  in  their  power  of  combining  with  other  atoms. 
Thus,  the  formulas  of  the  compounds  of  ht/drofjen  show 
interesting  differences ;  for,  wliile  in  the  case  of  hydro- 
chloric acid  ane  atom  of  chlorine  unites  with  one  of 
hydrogen,  in  the  ca§e  of  water  (HgO)  one  atom  of 
oxygen  holds  two  of  hydrogen.  The  coml)ining  i)owers 
of  the  nitrogen  and  the  carbon  atom  are  still  greater ; 
for  in  the  molecule  of  ammonia  (NII3)  one  nitrogen 
atom  holds  three  hydrogen  atoms ;  and  in  tlie  molecule 
of  marsh  gas  (CH^)  one  carbon  atom  holds  four  atoms 
of  hydrogen. 

This  power  of  the  atoms  to  unite  with  different  num- 
bers of  other  atoms  is  called  valence.  An  element  like 
chlorine,  whose  atom  can  hold  only  otie  atom  of  hydro- 
gen, is  said  to  h»v«  ft  v(Uence  of  one,  or  to  be  univa- 
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lent.     Tlie  hydrogen  atom  is  always  considered  univa- 
lent. 

All  element  like  oxygen,  whose  atom  can  hold  two  hydrogen 
atoms,  is  said  to  have  a  valence  of  two,  or  to  be  bivalent.  One 
hke  nitrogen  is,  therefore,  trivalent;  and  one  like  carbon, 
quadrivalent. 

Valence  is  not  only  the  power  of  eombinhig  with,  but 
also  of   replaciJtfjf,  different  numbers  of   atoms.     Thus, 

K 

the  formula  of  potassium  sulphate,    |^  SO^,  is    derived 

XT 

from  that   of   sulphuric    acid,  ^j  SO^,  by  replacing  two 

hydrogen  atoms  by  two  of  potassium.     Potassium  has, 
therefore,  a  valence  of  one. 

In  the  case  of  zinc  nitrate,  Zn  ^ijq^'  ^^^  atom  of  zinc  has  re- 
placed two  hydrogen  atoms  (in  2  IINOg)  ;  hence  zinc  is  bivalent. 
Similarly,  iron  is  trivalent  in  ferric  phosphate,  FeP04  ?  ^^^  ^he 
formula  of  phosphoric  acid  is  II3PO4.  Aluminum,  also,  is 
trivalent  in  aluminum  sulphate,  Alg  (804)3  ?  ^^^  ^^  aluminum 
atoms,  each  with  a  valence  of  three,  replace  six  hydrogen 
atoms  (in  3  H2SO4). 

The  valence  of  an  element  is  often  represented  by 
small  Roman  figures  placed  a  little  above  and  to  the 
ri(/ht  of  the  symbol  of  the  element.  Thus,  Al"^  means 
trivalent  aluminum;  Hg\  univalent  mercury;  and  Ptf^, 
quadrivalent  platinum. 

260.  Different  Formula  Types  Based  on  Valence* 

—  A  bivalent   element,  like   oxygen,   unites   with  tWQ 
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atoms  of  a  univalent  element,  but  with  only  one  of  an- 
other bivalent  element.  Thus,  calcium  chloride  has  the 
formula  CaClg ;  but  calcium  oxide  has  the  f onnula  C'aO. 

When  a  bivalent  element  unites  with  a  trivalent  ele- 
ment, two  atoms  of  the  trivalent  element  generallj 
require  three  of  the  bivalent  one.  This  is  shown  in 
the  formulas  Al^Og  for  aluminum  oxide,  AsgSg  for 
arsenious  sulphide,  and  Mg^Ng  for  magnesium  nitride. 

When  quadrivalent  atoms,  like  those  of  carbon  and 
silicon,  unite  with  univalent  atoms,  fo\ir  of  the  univa- 
lent atoms  are  required,  as  in  CH^  and  SiCl^;  when 
they  unite  with  bivalent  atoms,  ttvo  of  the  latter  are 
usually  required,  as  in  CSg  and  SiOg. 

The  valence  of  an  element  is  not,  however,  fixed  ;  for  car- 
bon forms  the  compound  CO,  in  which  its  valence  is  undoubt- 
edly two.  So,  also,  nitrogen  is  trivalent  in  the  compounds 
NTIg  and  KgOg,  but  quinquivalent  in  OTI4CI  and  NgOg. 

261.  Graphic  Formulas. — By  means  of  the  idea  of 
valence,  we  may  represent  the  relation  of  atoms  to  one 
another  in  molecules.  When  the  molecule  consists  of  two 
atoms,  only  one  arrangement  is  possible,  viz.,  the  atoms 
are  joined  directly.  Thus  in  hydrochloric  acid  and  in 
molecular  hydrogen  we  have  simple  union.  If  we  repre- 
sent the  combining  power  of  the  elements  by  lines 
(^called  Jowrf*),  we  may  write  the  formula  for  hydro- 
chloric acid  graphically  H  —  CI  and  that  of  hydrogen 

* 

H  —  H.  The  single  line  shows  that  the  valence  of  each 
atom  in  the  molecule  is  one. 
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Everj'thing  goes  to  show  that  the  two  hydrogen  atoms  in 
the  water  molecule  are  not  united  to  each  other,  but  to  oxygen. 
Similarly  it  is  believed  that  the  hydrogen  atoms  of  the  am- 
monia molecule  are  all  united  to  nitrogen,  and  those  of  the 
marsli-jjfas  molecule  to  carbon.  We  may  represent  these  facts 
in  tho  formuliis,  — 

II 
11^^  II  I 

ir  — ()  — U;  I  ;  andll  — C— II. 


II 


II 


Formuliia  like  those  just  given  are  called  graphic  oi 
Hfrucfural  formulas.  We  may  represent  an  element  in 
its  nascent  stnte  by  the  symbol  with  free  valence  bonds. 
Thus,  —  O  —  rci)resents  nascent  or  atomic  oxygen ; 
II  — ,  nascent  hydrogen. 

262.  Isomerism.  —  Many  cases  are  known  in  which 
two  or  more  compcmnds  have  the  same  composition 
and  molecular  mass  but  different  properties.  Methyl 
ether  and  ethyl  alcohol,  for  example,  are  both  repre- 
sented by  the  formula  CgH^O ;  these  substances  ai-e  so 
different,  however,  that  no  one  would  mistake  one  for 
the  other.  Thus,  methyl  ether  boils  at  — 24°  C,  at  or- 
dinary pressure,  while  ethyl  alcohol  boils  at  4-'i^8°  C 
Such  compounds  are  said  to  be  isomeric  with  each 
other. 

By  the  use  of  graphic  formulas,  the  difference  in  character 
between  these  isomeric  substances  is  readily  represented. 
Thus,  the  graphic  formula  for  methyl  ether  is, — 
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H  II 

I  I 

H— C— O— C— H; 


II  H 

while  that  of  alcohol  is,  — 

II     II 


II  — C  — C  — ()— n. 

I        I 
II     II 

According  to  these  formulas,  all  the  hydrogen  atoms  of 
methyl  ether  have  the  same  relation  to  the  remainder  of  the 
molecule  and  should  behave  in  the  same  way  with  reagents; 
while  in  the  case  of  ethyl  alcohol  one  hydrogen  atom  —  the 
one  bound  to  oxygen  —  should  be  different  from  the  other 
five.  This  is  actually  the  case;-,for  the  atom  of  hydrogen 
bound  to  oxygen  is  the  only  one  of  the  six  that  can  be  re- 
placed by  sodium  and  other  metals. 

263.  Allotropism. — Just  as  there  are  compounds 
haviiig  the  same  chemical  composition  which  are  yet  ver}^ 
unlike  in  tlieir  properties,  so  there  are  elements  existing 
in  forms  so  different  that  they  might  easily  be  sup- 
posed to  be  entirely  different  substances.  In  the  pre- 
ceding section  we  have  called  the  compounds  isomers ; 
the  different  forms  of  the  same  element  are  called  allo- 
tropic  forms  of  the  element.  The  existence  of  an 
element  in  different  forms  is  called  allotropism.  Car- 
bon and  sulphur,  as  we  have  already  learned,  exist  in 
several  allotropic  fonns ;  the  same  is  true  of  oxygen, 
phosphorus,  silicon,  boron,  etc. 
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Allotropism  is  probably  due  to  different  causes,  such  as 
different  arrangements  of  the  atoms  in  the  molecule,  or  differ- 
ent numbers  of  atoms  in  the  molecule. 

In  many  cases  an  allotropic  form  is  only  temporary.  This 
is  true  of  the  plastic,  or  amorphous,  modification  of  sulphur 
(cf.  §  175),  which  changes  into  the  ordinary  form  with  evolution 
of  heat.  Plastic  sulphur  thus  represents  a  condition  of  unstable 
eqtiilihrium,  like  a  compound  which  has  a  negative  heat  of  for- 
mation (cf,  §  235). 

264.  Exercises. 

1.  (a)  A  liter  of  a  certain  gaseous  substance  weighs  approxi- 
mately 1.966  grams  at  standard  conditions  ;  what  is  its  molecu- 
lar mass  ?  (See  §  242.) 

(6)  If  1^  of  this  substance  is  carbon  and  -ft-  oxygen,  what 
is  its  formula  ?     (See  §  252.) 

2.  (a)  Two  hundred  c.c.  of  a  gas  weigh  0.3932  grams  at 
standard  conditions  ;  what  is  the  molecular  mass  ? 

(b)  Analysis  shows  that  the  gas  is  composed  of  nitrogen, 
63.64%,  and  oxygen,  36.36% ;  what  is  the  formula? 

3.  The  oxide  of  magnesium  is  composed  of  magnesium, 
60%,  oxygen,  40%;  what  is  its  simplest  formula? 

4.  A  chloride  of  phosphorus  has  the  composition,  phos- 
phorus 22.55%,  chlorine  77.45% ;  find  its  simplest  formula. 

5.  AVhat  is  the  approximate  atomic  mass  of  platinum  if  its 
specific  heat  is  about  0.033  ? 

6.  What  volume  of  oxygen  is  used  up  when  20  c.c.  of 
acetylene  burn  in  air  ?  What  is  the  volume  of  carbon  dioxide 
formed  ?     (Cf,  §§  221  and  258.) 

7.  Write  the  molecular  equation  for  the  combustion  of  pen-- 
tane^  CgH^jj  in  oxygen,  if  the  prpducts  are  carbon  dioxide  and 
water. 

What  volume  of  oxygen  is  used  up  when  50  c.c.  of  pentane 
burn? 
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What  volume  of  carbon  dioxide  is  pru<lueed  ? 

8.  Knowing  that  the  valence  of  an  element  j;  is  i,  write 
the  simplest  fonnula  for  its  sulphate^  its  carbonate^  and  its 
nitrate, 

9.  Write  the  simplest  formulas  of  the  chloride  and  sulphite 
of  an  element  whose  valence  symbol  is  Sr", 


/  r 


CHAPTER   XVIL 
FLUORINE,  BROMINE,  IODINE,  AND  THEIR  COMPOUNDS. 

265.  Halogens. — The  elements  fluorine^  chlorine^ 
bromine,  and  iodine  are  called  "  the  halogens,"  from 
halSy  Greek  for  "salt,"  and  the  suffix  jen^  meaning 
"  a  constituent  of,"  as  in  "  hydrogen,"  etc. 

Fluorine  and  chlorine  are  gaseous  at  the  ordinary  tempera- 
ture ;  bromine  is  a  liquid  boiling  at  about  59°  C. ;  while  iodine 
is  a  black  solid  wbich  gives  off,  even  at  ordinary  temperatures, 
a  beautiful,  violet  vapor. 

266.  Fluorine.  —  The  element  fluorine  was  known 
in  its  compounds  long  before  it  was  obtained  in  the  free 
condition.  The  most  common  of  its  compounds  is  cal- 
cium fluoride,  or  fluorspar,  CaFlg.  Fluorspar  derives  its 
name  ivomfluo,  Latin  for  "to  flow,"  and  spar,  meaning 
"  a  rock."  The  name  is  applied  to  this  substance  owing 
to  the  use  of  fluorspar  as  a  flux  in  metallurgy. 

A  flux  is  an  easily  fusible  substance  added  to  the  mixtuie 
of  an  ore  and  a  reducing  agent  to  promote  fusion  of  the  mix- 
ture. The  substance  resulting  from  the  union  of  the  flux  with 
the  impurities  present  is  usually  called  "  slag." 

Another  important  natural  fluorine  compound  is  cryo- 
lite. This  is  a  double  fluoride  of  alumijium  and  sodium; 
its  formula  is  AIFI3.  3  NaFl  or  NaaAlFlg. 

254 
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Fluorine  cannot  be  prepared  from  either  of  these 
compounds  directly^  but  has  been  made  (1886)  by  the 
electrolysis  of  anhydrous  hydrofluoric  acid,  HFl. 

2HF1  =  H2  +  Fl2. 

The  operation  may  be  carried  out  in  copper  or  plati- 
num apparatus,  but  not  in  glass,  since  hydrofluoric  acid 
attacks  glass  energetically. 

267.  Properties  of  Fluorine.  —  Fluorine  is  a  yellow 
gas,  about  one  and  two-fifths  times  as  heavy  as  air.  It 
acts  upon  water  witli  violence,  according  to  the  equation, 

2  HgO  +  2  FLj >  4  HFl  +  O2. 

The  oxygen  formed  always  contains  some  ozone  (cf.  §  287). 

Fluorine  unites  with  hydrogen  explosively,  even  in 
the  dark  (^cf.  Clilorine,  §  84),  to  form  hydrofluoric  acid. 
It  fonns  no  compounds  with  oxygen,  so  far  as  known. 
As  commonly  prepared,  fluorine  acts  upon  glass,  but 
this  IS  due  to  the  fact  that  a  small  amount  of  hydro- 
fluoric acid  is  present  in  the  fluorine. 

Fluorine  acts  readily  upon  silicon  and  antimony, 
forming  the  corres^poniling  fluorides,  SiFl^  and  SbFlg. 

Gaseous  fluorine  has  been  condensed  to  a  liquid  boiling  at 
— 187*^  C.  at  ordinary  pressure. 

268.  Hydrofluoric  Acid.  —  Hydrofluoric  acid  is  com- 
monly prepared  by  heating  calcium  fluoride  with  con- 
centrated sulphuric  acid.     The  equation  is,  — 

CaFl^  +  H2SO4  =  CaSO^  +  2  HFl. 
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Bromine  may  also  be  prepared  by  conducting  the 
proper  amount  of  chlorine  into  the  solution  of  a  brom- 
ide.    With  magnesium  bromide  the  equation  is, — 

MgBr^  +  CL, »  iMgCl^  +  Br,. 

270.  Properties  of  Bromine.  —  Bromine  is  a  brown 
liquid  about  3.2  times  as  heavy  as  water.  Its  vapor  has 
an  odor  much  like  that  of  chlorine,  and  affects  the  eyes. 
Bromine  boils  at  about  59°  C. 

The  density  of  bromine  vapor  shows  that  the  mole- 
cule is  diatomic  ;  its  formula  is,  therefore,  Brg.  At  about 
1000°  C.  the  molecule  begins  to  dissociate  into  molecules 
conttiining  only  one  atom  each  (^cf,  §  45). 

Bromine  dissolves  in  water,  carbon  disulphide,  and 
other  solvents.  The  aqueous  solution  is  called  "  brom- 
ine water." 

In  the  presence  of  some  substance  capable  of  taking 
up  oxygen,  bromine  reacts  with  water  energetically, 
according  to  the  equation, 

H^O  +  Brg >  2  HBr  +  (—  O  — ). 

By  —  O  —  we  mean  nascent  oxygen  (cf.  §  261). 
Bromine  water  is  thus  a  good  oxidizing  agent. 

The  same  action  goes  on  more  slowly  when  no  oxidizable 
substance  is  present ;  bromine  water  thus  becomes  converted 
into  a  dilute  solution  of  hydrobromic  acid,  IIBr. 

Bromine  is  less  active  than  chlorine,  but,  like  chlor- 
ine, it  unites  with  hydrogen  and  with  metals  to  form 
bromides. 
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271.  Hydrobromic  Acid.  —  Hydrobromic  acid  cannot 
be  made  in  a  pure  state  by  treating  a  bromide  with  con- 
centrated sulphuric  acid,  for  the  reason  that  some  of  the 
hydrobromic  acid  formed  breaks  up  into  hydrogen  and 
bromine,  and  the  nascent  hydrogen  reduces  tlie  sulphuric 
acid.  The  products  of  the  action  are  thus  bromine  and 
sulphurous  acid,  as  well  as  hydrobromic  acid.  These 
facts  are  represented  in  the  equations, 

(1)  NaBr  +  H2SO4 »  NaHSO^  +  IlBr  ; 

(2)  2  HBr  +  H2SO4 »  II2O  +  Bt^  +  HgSOg. 

The  method  commonly  used  to  prepare  hydrobromic 
acid  is  to  treat  red  phosphorus  with  bromine  in  the 
presence  of  water.  The  phosphorus  and  bromine  first 
unite  to  form  phosphorus  tribromide,  PBrg;  but  this 
substance  is  decomposed  at  once  by  the  water  to  form 
phosphorous  acid  and  hydrobromic  acid.     The  equations 

are, — 

(1)  2P+3Br2  =  2PBr3; 

(2)  PBrg  +  3  H2O  =  HgPOg  +  3  IIBr. 

The  phosphorous  acid, being  non-volatile,  remains  l)ehiiKl ; 
while  the  gaseous  hydrobromic  acid  passes  off.  Tlie 
hydrobromic  acid  may  be  freed  from  bromine  vapor 
by  passing  it  through  a  U-tube  containing  moist  red 
phosphorus. 

272.  Properties  of  Hydrobromic  Acid.  —  Hydro- 
bromic acid  gas  is  like  hydrochloric  acid  gas.  It  fumes 
in  the  air  and  dissolves  readily  in  water.     Its  concen- 
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Phosphorus  tri-iodide  is  first  formed,  but  is  decomposed 
at  once  according  to  the  equation, 

PI3  +  3  H^O  =  H3PO3  +  3  HI  (cf.  §  271). 

An  aqueous  solution  of  hydriodic  acid  may  best  be 
prepared  by  making  use  of  a  property  common  to 
chlorine,  bromine,  and  iodine,  viz.,  the  ability  of  each 
of  these  substances  to  decompose  hydrogen  sulphide. 
The  sulphur  formed,  being  insoluble,  is  precipitated ; 
hence  the"  reaction  goes  on  to  completion  (^cf,  §  180). 
The  equation  in  the  case  of  iodine  is, 

2  I  -f  H^S >  2  HI  4-  S. 

The  hydrogen  sulphide  is  conducted  into  a  mixture  of 
iodine  and  water  until  the  iodine  disappears.  The  sulphur  is 
then  filtered  off,  and  the  filtrate  distilled.  After  the  water  has 
passed  off,  a  heavy  liquid  is  obtained,  which  boils  at  126°  C. 
This  is  about  57%  hydriodic  acid. 

276.  Properties  of  Hydriodic  Acid.  —  Hydriodic 
acid  gas  is  about  4.4  times  as  heavy  as  air.  Like  hy- 
drochloric and  hydrobromic  acids,  it  is  very  soluble  in 
water.  One  cubic  centimeter  of  water  at  10°  C.  and 
standard  pressure  dissolves  about  450  c.c.  of  the  gas. 

Hydrogen  and  iodine  can  be  made  to  unite  under 
appropriate  conditions.  When  uniting  they  do  not 
evolve  heat,  but  absorb  it.  This  accounts  for  the  fact 
that  hydriodic  acid  is  so  unstable  (^cf.  §  235). 

The  dissociation  of  hydriodic  acid  is  like  that  of 
steam  (cf.  §  45).     At  any  temperature  above  the  point 
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at  which  dissociation  begins,  the  d^'composition  of  hydri- 

odic  acid  into  hydrogen  and  iodine  goes  on  side  by  side 

\^th  recombination  of  hydrogen  and  iodine  to  fonn  hy- 

driodic  acid.     The  condition  of  equilibrium  is  reached 

w^hen  as  many  molecules  of  hydriodic  acid  are  formed 

in  a  given  time  as  are  decomposed  in  the  same  time. 

We  may  represent  this  condition  of  equilibrium  by  tlie 

equation, 

2  HI  ;ZI2  H^  +  I3. 

Such  an  equation  is  called  a  "  baLanced  "  or  "  equilib- 
rium" equation.  The  arrows  indicate  tliat  the  reac- 
tion goes  in  both  directions. 

If  either  product  of  dissociation  is  removed  from  the 
"  sphere  of  action,"  the  dissociation  goes  on  to  comple- 
tion. Thus,  if  silver  is  placed  in  liydriodic  acid  solu- 
tion, it  unites  with  the  iodine  as  rapidly  as  iodine  is 
formed.     Hence  hydrogen  is  set  free. 

2  Ag  +  2  HI >  2  Agl  -f  H2. 

Because  of  its  ready  dissociation,  hydriodic  acid  acts  as  a 
powerful  reducing  agent.  Oxygen,  or  any  oxidizing  agent,  gives 
with  it  iodine  and  water. 

4  HI  +  Oa »  2  II2O  +  41. 

277.  Compounds  of  the  Halogens  with  Oxygen.  — 
Only  three  halogen  oxides  have  been  actually  made ; 
although  more  —  especially  one  oxide  of  bromine  —  arc 
suspected  to  be  capable  of  existing.  The  three  oxides 
definitely  known  are :  — 
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GMorine  rtwnoodde,  ClgO ; 
Chlorine  dioxide,  ClOg  or  ClgO^ ; 
Iodine  pentoxide,  IgOg. 

Chlorine  monoxide  is  an  unstable  liquid  which  boils 
at  +5°  C.  It  explodes  with  violence.  When  o)ie 
volume  of  chlorine  monoxide  is  carefully  decomposed,  it 
gives  half  a  volume  of  oxygen  and  one  volume  of 
chlorine. 

Chlorine  dioxide-  (ClOg)  and  tetroxide  (Cl20^  corre- 
sporid  to  the  nitrogen  oxides  NOg  and  NgO^.  It  is 
formed  with  violent  explosion  when  concentrated  sul- 
phuric acid  acts  upon  potassium  chlorate.  The  prepara- 
tion of  this  substance  should  not  be  attempted  without 
precise  directionB  and  extraordinary  precautions, 

(Morine  dioxide  is  a  reddish-brown  liquid,  boiling  at 
about  10°  C. 

Iodine  pentoxide  is  the  only  oxide  of  iodine  known  at 
present.  It  is  a  white,  stable  powder;  with  water  it 
gives  iodic  acid, 

1,05 + H2O = 2  H1O3. 

Iodine  pentoxide  is  thus  the  anhydride  of  iodic  acid. 

278.  Compounds  of  the  Halogens  with  Oxygen  and 
Hydrogen.  — Compounds  of  the  halogens  with  oxygen 
and  hydrogen  are  called  oxygen  acids,  or  oxy-acids,  of 
the  halogens.  They  are  more  numerous  than  com- 
pounds with  oxygen  alone ;  for  they  include  at  least 
three  chlorine  acids,  three  bromine  acids,  and  two  iodine 
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acids.     The  formulas  of  these  acids  appear  in  the  fol- 
lowing table :  — 

nClO.  HBrO. 

TTPio    S  known  only  \ 
"^^^2  I  in  its  salts     r 

nciOs.  nBrOj.  nio,. 

IICIO4.  HBrO^.  IIIO4. 


279.  HypochlorottS  Acid,  H-O-Cl.  —  Hypochlorous 
acid  is  present  in  a  solution  of  chlorine  in  water  (^cf. 

§  85). 

The  equation  for  the  action  of  chlorine  upon  water  is  a 
''  balanced  "  one,  viz., 

H2O  +  Clj  7 »  IIOCl  +  JICl ; 

there  is,  therefore,  an  equilibrium  between  these  four  substances. 
If  a  substance  is  present  which  is  capable  of  taking  up  oxygen, 
the  products  of  the  action  are  hydrochloric  acid  and  nascent 
oxygen, — 

Hoci  +  Hci  — » 2  nci  +  (—  O  — ). 

In  the  presence  of  smilight  a  concentrated  solution  of  chlor- 
ine in  water  gives  off  oxygen  (c/*.  §  85). 

Salts  of  hypochlorous  acid,  i.  e.,  hypoclilorites^  are 
formed  by  passing  chlorine  into  dilute  solutions  of 
hydroxides  of  the  metals.  The  amount  of  chlorine 
used  must  be  less  than  is  required  to  saturate  the  liy- 
droxide.     With  potassium  hydroxide  the  equation  is,  — 

2  KOH  +  CL, >  KOCl  +  KCl  +  H3O. 
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When    chlorine    acts    upon    powdered    slaked    Ume 
Ca(0H)2,  hleaching  powder  (Ca^p,      I    is  produced. 

^  /OH    .    ^1  ^  /OCl    ,    ^  ^ 

^^'^-OH+(.'^ ^^VCI      +^20. 

280.  Chlorous  Acid,  H-0-Cl=0, — Chlorous  acid  does 
not  exist  free.  Its  potassium  salt  is  produced,  in  solution,  when 
an  aqueous  solution  of  chlorine  dioxide,  ClOj,  is  treated  with 
potassium  hydroxide. 

281.  Chloric    Acid,    H-O-Cl^j.  —  Chloric    acid  Ls 

known  only  in  its  aqueous  solution ;  this  may  be  con- 
centnited  until  it  contains  40^  of  cliloric  acid.  Chloric 
acid  is  a  powerful  oxidizing  agent. 

Chlorates  are  formed  by  conducting  chlorine  into  hot, 
concentrated  solutions  of  alkalies  to  complete  saturation. 
With  potiissium  hydroxide  the  equation  is,  — 

6  KOH  +  3  CI2 >  KCIO3  +  5  KCl  +  3  HgO. 

The  chlorate  is  separated  from  the  chloride  by  recrystalliza- 
tion  from  hot  water.  The  potassium  chlorate,  being  much  less 
soluble  than  the  other,  separat.es  out  first. 

Potiissium  chlomte  has  already  been  used  w)  produce 
oxygen  (§  19).  Tlie  equations  representing  the  action 
of  hydrocliloric  acid  upon  potiissium  chlorate  (§  82) 
ai-e,  in  part,  — 

(1)  KCIO3  +  IICl »  KCl  +  HCIO,; 

(2)  IIClOj  4-  ^  ll^i »  ^  11*^  +  3  CI,. 
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282.  Perchloric  Acid,  H-0-Cl=0.  —  Percliloric  aciu 

is  a  colorless,  explosive  liquid  about  1.8  times  as  heavy 
a.s  water.  Its  salts,  the  perchlorates,  are  produced  when 
the  clilorates  are  partly  decomposed  by  heat. 

In  the  decomposition  of  potassium  chlorate  (r/.  §  19),  a  point 
is  soon  reached  at  which  a  considerable  increase  of  temperature 
is  needed  to  continue  the  evolution  of  oxygen.  The  amount  of 
oxygen  evolved  up  to  this  point  is  only  one-third  of  the  quantity 
i:>resent  in  potassium  chlorate.  If  we  stop  at  this  stage,  we 
obtain  a  mixture  ol potassium perchlorate  and  j>o/«.ssiM»i  chlor- 
'icle,  as  shown  in  the  equation, 

2  KCIO3  =  KCIO4  +  KCl  +  Og. 

Tlie  potassium  chloride  is  much  more  soluble  than  the  per- 
cshlorate;  hence  these  substances  may  be  separated  by  recrystal- 
lization  from  water. 

283.  Compounds  of  Bromine  with  Oxygen  and  Hy- 
drogen. —  No  compounds  of  bromine  and  oxygen  have 
l>een  prepared  in  a  pure  condition.  With  oxygen  and 
hydrogen  bromine  forms  hypohromous  acid,  hromic  twia, 
und  perbromic  acid. 

The  graphic  formulas  of  these  acids  are  like  those  of  the 
corresponding  chlorine  compounds. 

Mypohromites  are  formed  when  cold,  dilute  alkalies 
are  treated  with  bromine,  but  with  less  than  is  rec^uired 
for  saturation. 

2  KOH  +  2  Br >  KOBr  +H2O  +  KBr. 
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The  hypobromites,  like  the  hypochlorites,  are  oxidiziiig 
agents. 

Bromates  are  formed  when  hot  alkalies  are  saturated 
witli  bromine  (cf.  chlorates,  §  281).  Potassium  bromate 
is  a  wliite,  crystalline  solid  like  potassium  clilorate. 
Heat  decomposes  it  into  potassium  bromide  and  oxygen. 

2  KBrOg  =  2  KBr  +  3  O^. 

284.  Compounds  of  Iodine  with  Oxygen  and  Hydro- 
gen. —  Two  oxy-acids  of  iodine  are  known ;  they  are 
iodic  and  periodic  acids. 

Iodic  acid  (HIO3  or,  graphically^  H-O-I^^  J  is  formed 

by  oxidizing  iodine  with  concentrated  nitric  acid.  It 
is  a  crystalline  solid.  At  170°  C.  it  breaks  up  into 
iodine  pentoxide  (J^O^  and  water. 

lodates  are  formed  by  adding  iodine  to  hot,  concen- 
trated solutions  of  alkalies.  With  potassium  hydroxide 
Uie  equation  is,  — 

6  KOH  +61 >  KIO3  +  5  KI  +  3  HaO. 

Periodic  acid  is  HIO^,  or  H-0-I=0.  Its  salts  are 
periodates,  e.  g.,  sodium  periodate,  NalO^. 

285.  The  Halogen  Family. — From  the  preceding 
pages  it  is  evident  that  there  is  a  great  similarity  in  the 
properties  of  the  elements  fluorine^  chlorine,  bromine, 
and  iodine.     The  close  relation  of  these  elements  to  one 
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another  is  yet  more  marked  if  we  consider  that  there 
is  a  gradatimi  in  the  properties  of  these  elements  in  the 
order  of  the  atomic  masses.  Thus,  the  melting  tempera- 
tures, the  boiling  temperatures,  and  the  sj)ecific  gravities 
of  these  elements  rise  from  fluorine  (atomic  mass  19) 
to  iodine  (atomic  mass  127).  The  intensity  of  the 
color  of  these  elements  also  increases  with  the  atomic 
mass :  fluorine  is  greenish  yellow ;  chlorine^  green ; 
bromine^  brown;  and  iodiiie^  black. 

The  gradation  observed  in  their  physical  proi^erties  is  true 
also  of  their  chemical  properties.  Thus,  the  elements  of  lower 
atomic  mass  can  expel  those  of  higher  atomic  mass  from  their 
soluble  metal  salts. 

The  same  gradation  of  properties  is  noticed  in  the 
compounds  of  the  halogens.  Thus,  the  specific  (jravity 
of  the  hydrogen  compounds  increases  from  hydrofluoric 
acid  to  hydriodic  acid ;  while  the  stability  of  these  com- 
pounds decreases  in  the  same  order. 

In  the  case  of  the  compounds  of  the  halogens  with  oxygen, 
and  with  oxygen  and  hydrogen,  the  order  of  stability  is  re- 
versed, iodine  forming  the  most  sta])le  ones,  chlorine  very  un- 
stable ones,  and  fluorine  none  at  all. 

The  same  gradation  of  color  seen  in  the  elements 
themselves  appears  in  many  of  their  compounds.  Thus, 
silver  chloride  is  white;  silver  bromide,  light  yellow; 
silver  iodide,  bright  yellow. 

Some  of  the  above  (and  other)  facts  appear  in  the 
following  table :  — 
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Properties. 

Fluorine. 

Chlorine. 

Bromine. 

Iodine. 

Atomic  Mass .... 

19 

85  J» 

80 

127 

Boiling  Temperature 

— 18<°C. 

-33* 

-f-58* 

+184' 

Specific  Gravity   .  . 

1.15  (liquid) 

1.5  (liquid) 

3.2  (liquid) 

5  (solid) 

Union   with   Hydro- 
gen takes  place   . 

In  the  dark 
at  ordinary 
tempera- 
tures. 

In  sunlight. 

At  red  heat. 

• 

At  red  hcat» 
but  incom- 
pletely. 

licit  of  formation  of 
Hydrogen  Com- 
pound     

37.6 
heat  units. 

22 

8 

—6.1 

Stability  of   Hydro- 
gen Compound  .  . 

Most 
stable. 

Decomposed 
atl50(rc. 

Derom  posed 
at  800°  C. 

Decomposed 
at  180°  C. 

SUibility  of  Oxygen 
Compound  .... 

Forms 
none. 

Unstable. 

Forms 
Doue. 

Most 
stable. 

A  group  of  elements  related  to  one  another  like  the 
halogens  is  called  a  "Natural  Family  of  Elements.'* 
Several  other  natural  families  exist,  and  will  be  referred 
to  later. 


286.  Exercises. 

1.  How  many  grams  of  bromine  can  be  made  from  160  grams 
of  potassium  bromide  by  using  manganese  dioxide  and  dilute 
sulphuric  acid  ? 

2.  Calculate  the  per  cent  of  hydrogen  in  hydriodic  acid,  ic 
hydrobromic  acid. 

3.  How  would  you  separate  a  mixture  of  iodine  and  sand  ? 
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4.  now  could  you  distinguish,  by  chemical  means,  between 
a  chloride,  a  bromide,  and  an  iodide  ? 

5.  How  could  you  identify  a  fluoride,  e.  g.  calcium  fluoride  ? 

6.  About  how  nmch  would  a  liter  of  air  weijj^h  at  -|-27.*5°  C. 
and  7G0  mm.  pressure  ?     A  liter  of  iodine  vapor  ? 
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The  peculiar  instability  of  ozone  is  due  to  the  fact  that  the 
change  from  oxygen  to  ozone  is  accompanied  by  absorption  of 
heat.  In  the  presence  of  a  substance  capable  of  taking  up 
oxygen,  the  ozone  molecule  readily  gives  up  an  atom  of  oxy- 
gen, and  thus  reverts  to  molecular  oxygen,  0  =  0. 

288.  Properties  of  Ozone.  — As  might  be  expected, 
the  oxidizing  power  of  ozone  is  very  great.  Moist 
phosphorus  and  sulphur  are  converted  by  it  into  phos- 
phoric and  sulphuric  acids,  respectively ;  and  ammonia 
is  at  once  oxidized  to  nitric  acid.  Organic  coloring 
substances,  e.  g.  indigo  and  litmus,  are  at  once  decolor- 
ized by  ozone.  The  bleaching  of  fabrics  on  exposure 
to  the  air  is  probably  due  to  the  action  of  ozone  pres- 
ent in  the  air. 

When  ozone  is  heated,  its  molecule  is  decomposed,  and 
ordinary  oxygen  results.  The  reversion  of  ozone  to  oxygen  is 
accompanied  by  an  eocpansion  of  volume  just  equal  to  the  con- 
traction that  takes  place  when  oxygen  changes  into  ozone. 

Ozone  is  readily  absorbed  by  oil  of  turpentine  ;  hence  the 
amount  of  ozone  formed  in  a  given  volume  of  oxygen  may  be 
determined  by  exposing  the  ozonized  oxygen  to  this  substance. 
Only  about  six  per  cent  of  a  given  amount  of  oxygen  can  be 
converted  into  ozone,  because  the  reverse  change  of  ozone 
into  oxygen  soqjil  produces  a  condition  of  equilibrium. 

The  presence  of  ozone  in  ozonized  air  is  readily  de- 
tected by  means  of  a  mixture  of  potassium  iodide  and 
starch  paste  —  best  upon  a  piece  of  filter  paper.  The 
ozone  sets  iodine  free,  probably  according  to  the  equa- 
tion, 

2  KI  +  HjO  -f  O3 >  2  KOH  +  2  1+  O^. 
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289.  Hydrogen  Peroxide.  —  Cb^eely  leLited  to  o>z«iiie, 
and  l'>ng  c»:»afu5€d  with  it,  i*  itgJr^j^m  p^ermd'f^  ^^^^a- 
Hviirv:>gea  fien>3ide  is  a  ojlodess  liquid  aboat  one  and 
one-half  timetg  £k»  hetiTy  «&$  w^ter;  it  possesses  remark- 
aWe  oxMizin^^  and  retiaeing  powers^ 

A  •mate  SiTtlution  of  hv^lro^en  pen>xide  may  be  made 
by  adding  KinHm  p^r*>zi'i*t.  BaO^.  to  dilnte  hydrochloric 
aci«L     The  et^nation  is.  — 

BaO,  -f-  2  HO *  BaCl,  -:- H,Oy 

A  somewhat  l>ect<e>r  war  i«  to  vttax  a  dflnte  sdotioQ  of  tar- 

m 

taric  acid  with  s«:^iim  pen>xide.  Xa.O*- 

SMium   peroxide   i«  made   (aion^    with    sodium    monoxide, 
Xa.O  f  r»T  bumiaj:  »«>iiam  in  air  or  oxr^en. 

When  phosphoros  is  partly  immersed  in  water,  it  acts 
uffon  the  moist  air  to  form  both  hydrogen  peroxide  and 
ozone.  Both  of  these  substances  are  formed,  also,  by 
holding  a  hydrogen  flame  against  a  piece  of  ice. 

Uvdrogen  peroxide  is  formed  in  the  electrodrsis  of  water^  if 
oxygen  is  pa^secl  into  the  water  at  the  negative  ( — )  electrode. 
The  oxygen  is  rednctd  by  the  nascent  hydrogen  eTi^yed  at  the 

electrode. 

Hydrogen  peroxide  is  found  in  the  air,  and  in  all  rain 
water  and  snow. 

?90.  Properties  of  Hydrogen  Penudde.  — Hydrogen 

jx»roxide  may  be  obtained  almost  pure  by  distilling  a 
dilute  aqueous  solution  of  it  at  low  pressure.     The  ap- 
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paratus  for  distilling  at  reduced  pressure  is  essentially 
as  shown  in  Fig.  57, 


Fig.  67. 

A  distilling  flask  (A)  is  provided  with  a  thermometer  (B) 
aud  a  cai)illary  tube  (C).  The  capillary  tube  allows  a  very 
small  stream  of  air  to  be  drawn  through  the  ajiparatus.  The 
distilling  flask  is  connected  air-tight  with  the  condenser  (D) 
aud  the  receiver  (E).  The  pressure,  in  millimeters  of  mercury, 
is  indicated  by  the  manometer  (F).  The  air  is  exhausted  at  S 
by  a  water  or  mercury  suction-pump. 

At  26  mm.  pressure  hydrogen  peroxide  boils  at  69°  C; 
under  the  same  pressure  water  boils  at  27°  C. ;  hence  the 
two  substances  can  be  separated  readily.  The  ac^ueous 
solution  of  hydrogen  peroxide  has  a  bitter  tiiste  and 
produces  white  spots  upon  the  skin.  It  is  a  i)o\verf  ul 
antiseptic. 

Hydrogen  peroxide  decomposes  readily,  especially  in 
the  presence  of  basie  substances.  1'he  products  are 
water,  and  oxygen  in  the  nascent  condition;  hence 
hydrogen  peroxide  is  a  powerful  oxidizing  agent.     It 
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decolorizes  indigo,  litmus,  etc.,  as  ozone  does.  It  at 
once  oxidizes  hydrochloric  acid  to  water  and  chlorine. 

Hydrogen  peroxide  acts  also  as  a  reducing  agent  with 
evolution  of  oxygen.  Thus,  it  reduces  mercuric  oxide  to 
mercuiy  and  sets  oxygen  free. 

HgO  +  H2O2 »  Hg  +  O2  +  H^O. 

One  atom  of  each  oxygen  molecule  (Og)  comes  from 
the  hydrogen  peroxide,  and  the  other  from  the  oxide 
reduced. 

Potassium  permanganate  solution  is  at  once  decolorized  by 
hydrogen  peroxide,  and  potassium  chromate  and  bichromate 
solutions  are  changed  to  a  green  color.  All  of  these  are 
reductions. 

Ozone  and  hydrogen  peroxide  reduce  each  other. 

O3  +  H2O2  — >  O2  +  II2O  +  O2. 

Hydrogen  peroxide,  like  ozone,  decomposes  with  evolution 
of  heat ;  this  fact  accounts  for  its  instability. 

The  common  test  for  the  presence  of  hydrogen  peroxide 
in  a  solution  is  to  add  to  the  solution  in  a  test  tube 
about  two  or  three  cubic  centimeters  of  ether,  and  then 
07ie  drop  of  potassium  bichromate  solution.  When  the 
test  tube  is  shaken,  the  layer  of  ether  is  colored  a  beau- 
tiful blue,  if  hydrogen  peroxide  is  present. 

291.  Composition  of  Hydrogen  Peroxide.  —  Hydro- 
gen peroxide  is  composed  of  1.01  parts,  by  weight,  of 
hydrogen  to  every  16  parts  of  oxygen.  Its  molecular 
mass  is  34 ;  hence  its  formula  is  HgO^.  The  graphic 
formula  of  hydrogen  peroxide  is  H-O-O-H, 
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The  effect  of  the  structure  of  the  molecule,  t.  e.,  the  way  m 
which  the  atoms  are  miited,  upon  the  properties  of  substances, 
is  admirably  illustrated  by  the  differences  in  the  behavior 
of  the  two  classes  of  dioxides.  Thus,  while  calcium  peroxide 
(CaOg),  sodium  peroxide  (^a^Og),  and  barium  peroxide  (BaOo) 
give  hydrogen  peroxide  when  treated  ^nth  dilute  acids,  lead 
dioxide  (PbOg)  and  manganese  dioxide  (MnOo)  do  not.  The 
structure  of  all  true  peroxides  is  like  that  of  hydrogen  per- 
oxide. The  graphic  fommla  of  sodium  peroxide  is,  therefore, 
Xa — O  —  O — Na,  and  that  of  barium  peroxide,  O  —  O.     The 

Ba 

graphic  formula  of  the  dioxides  is  different,  that  of  mayujcmese 

dioxide   being,  probably,  Mn^,    and    that    of    lead    dioxide 

«<8- 


CHAPTER  XIX. 

THE  NITROGEN  FAMILY. 
PHOSPHORUS,  ARSENIC,  ANTIMONY,  BISMUTH. 

A.    Phosphorus. 

292.  Occurrence  and  Preparation  of  Phosphorus.  — 

Phosphorus  is  found  in  nature  only  in  the  combined 
form,  cluefly  in  phosphates.  The  most  abundant  phos- 
phate is  calcium  phosphate,  ^^^(^O^)^.  Calcium 
phosphate  exists  in  the  soil,  and  is  taken  up  from  it 
by  plants.  Animals  consume  phosphates  in  their  food. 
The  innnediate  source  of  most  phosphorus  is  boyie-ashy 
which  contains  about  60^  to  70^  of  its  weight  of 
calcium  phosphate.  The  present  process  of  making 
phosphorus  is  to  heat  calcium  phosphate  with  charcoal 
and  sand  in  the  electric  furnace. 

We   can   understand    the    chemical  reactions   involved   in 
making  phospliorus  by  considering  them  separately. 

(1)  The    calcium   phosphate    probably  breaks    up    in   the 

presence    of  the   silica  (sand)  into  quicklime  and  phosphorus 

pentoxide, 

CagCPO^)^ »  8  CaO  +  PgOfi. 

(2)  The  silica  and  quicklime  unite  to  give  calcium  silicate. 

3  CaO  +  3  SiOg  =  3  CaSiOg. 

(3)  The   charcoal   reduces    the    phosphorus    pentoxide    to 
phosphorus. 

878 
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P2O5  +  5  C >  2  P+  r,  CO. 

Hence  the  coniphte  equation  is,  — 

Ca3(P04)2  +  3  SiOg  +  o  C  =  3  CaSiOg  +  5  CO  +  2  P. 

The  phosphorus  escapes  from  the  furnace  as  a  vapor, 
and  is  collected  under  water.  To  ])urify  it,  it  is  redis- 
tilled and  pressed  in  tlie  liquid  state  (under  water) 
through  a  bone-ash  filter.  The  phosphorus  thus  oIh 
tained  is  a  white  and  transparent  solid.  About  three 
thousand  tons  of  phosphorus  ai-e  made  every  year. 

293.  Properties.  —  Phosphorus,  like  sulphur,  exists 
in  several  allotropic  forms  mth  widely  differing  proper- 
ties. Ordinary  or  yellow  phosphorus  has  a  speeifu; 
gravity  of  about  1.8,  melts  at  about  45°  C,  and  boils 
at  287°  C.  It  is  insoluble  in  water,  but  dissolves 
readily  in  carbon  disulphide,  CSg. 

Phosphorus  derives  its  name,  which  moans  *'  ))oaror  of 
light "  (cf,  Latin,  ludfer),  from  its  property  of  j7//o.s7>//o/r.s'ci/jr/, 
i.  e.,  glowing,  when  exposed  in  the  dark  to  moist  air  or  other 
gases  containing  oxygen.  This  phenomenon  is  caused  hy  slow 
combustion  on  the  surface  of  the  phospliorus. 

Ordinary  phosphorus*  ignites  in  air  at  40°  C,  and 
bums  with  a  hot  flame  to  phosphorus  trioxide  and 
pentoQcide^ 

4P  +  3  02=2P203. 

4  P  +  5  O,  =  2  P,0,, 

The  spontaneous  ignition  of  finely  divided  phosphoruH 
has  already  been  described  (cf.  §  29). 
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Phosphorus  unites  readily  with  chlorine,  bromine, 
and  iodine  even  at  the  ordinary  tenaperature.  Two 
compounds  of  phosphorus  and  chlorine  are  possible, 
viz.,  the  trichloride^  i^Clg,  and  the  pentaehloride,  PClg. 
Phosphorus  trichloride  is  a  liquid ;  phosphorus  pentar 
chloride,  a  crystalline  solid, 

2P  +  3Cl2  =  2PCl8. 
2P  +  5Cl2  =  2PCl6. 

Yellow  pTiosphorus  is  very  poisonous.   - 

294.  Red  Phosphorus,  —  A  great  difference  exists 
Ixitween  yellow  phosphorus  and  the  red  modification^ 
Red  phosphorus  is  a  reddish  powder  2.2  times  as  heavy=^ 
as  water,  infusible  at  red  heat,  unable  to  phosphoresce^i^ 
insoluble  in  carbon  disulphide,  and  not  poisonous.  ltd 
ignites  at  about  260°  C.  in  air.  Red  phosphorus  unites-^ 
with  the  halogens  only  when  heated. 

Red  phosphorus  is  prepared  by  heating  the  ordinary  form  in 
closed  iron  tubes  to  300°  C.  A  small  amount  of  the  yellow 
phosphorus  remains  unchanged  ;  this  is  removed  by  means  of 
carbon  disulphide,  in  which  the  red  variety  is  insoluble. 

When  a  given  amount  of  red  phosphorus  is  burned, 
there  is  much  less  heat  liberated  than  with  an  equal 
amount  of  the  yellow  form ;  the  red  has  therefore  much 
less  energy  than  the  yellow.  This  statement  agrees 
with  the  known  fact  that  when  yellow  phosphorus  is 
changed  into  the  red  there  is  an  evolution  of  heat. 
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295*  Molecular  Mass  of  Phosphorus. — The  weight 

of  a  liter  of  phosphorus  in  the  vapor  condition  is  ahnost 
four  times  that  of  a  liter  of  oxygen  at  the  same  temper- 
ature and  pressure ;  consequently  the  molecular  mass  of 
phosphorus,  as  a  vapor,  must  be  about  124,  that  is, 
about  four  times  the  atomic  mass.  This  can  be  due 
only  to  the  fact  that  the  molecule  of  phosphorus  in  the 
gaseous  condition  contains  four  atoms.  The  molecular 
formula  of  phosphorus  vapor  is  thus  written  P^,  just  as 
that  of  oxygen  is  O^, 

296.  Matches.  —  Most  of  the  phosphorus  that  is 
made  is  used  to  tip  matches.  The  ordinary  friction 
match,  as  made  at  present,  consists  of  a  splint  of  wood 
tipped,  firsts  with  sulphur,  and  then  mth  a  mixture  con- 
taining some  oxidizing  agent,  phosphorus,  and  an  ad- 
hesive substance,  like  glue.  The  oxidizing  agent  may 
be  potassium  nitrate  or  chlorate^  or  the  oxide  of  lead 
known  as  red  lead,  which  has  the  formula  PbgO^. 

The  chemical  operations  involved  in  lighting  a  match  are 
essentially  as  follows  :  — 

(1)  The  heat  generated  by  rubbing  the  tip  of  the  match 
against  a  rough  surface  causes  the  phosphorus  to  combine  with 
the  oxygen  of  the  oxidizing  agent  in  immediate  contact  with 
it. 

(2)  The  combustion  of  the  phosphorus  causes  the  sulphur 
to  be  raised  to  the  kindling  temperature  of  sulphur. 

(3)  The  burning  of  the  sulphur  raises  the  temperature  of 
the  wood  to  the  kindling  point ;  and  the  snatch  hums. 

Safety  matches  have  not  the  property  of  being  easily 
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ignited  when  nibbed ;  they  require  contact  with  a  spe- 
fiiillv  prepared  surface.  This  surface  is  usually  on  the 
siile  of  tlie  mutch  box,  and  consists  of  red  phosphoi-us 
mixeil  witli  sand.  The  tip  of  the  safety  match  generally 
tonuiins  antimony  trisulphide  (^Sh^Sg),  an  oxidizing 
agent,  and  glue. 

297.  Hydrogen  Phosphide  (PH3).  —  Hydrogen  phos^ — 
phide,  or  phoitp/iuu\  is  a  colorless  gas  which,  as  ordinaiil 
maile,  is  spoHta neons! f/  combustible.     The  common  methoc^ 
of   prejxiring  it  is  to  heat  a  mixture  of  yellow  phos-- 
]>hoiiis  and  a  stix>ng  solution  of  sodium  hydroxide,     Th 
equation  is,  — 

4  P  +  3  XaOH  4-  3  H3O »  3  XaH^POa  -|-  PH,. 


sodium  hypo- 
phosphite. 


Hydrogen 


The  apparatus  (Fig.  58)  consists  of  a  generating  flask  con- 
taining the  phosphorus  and  the  sodium  hydroxide  solution.  The 
stopper  of  the  flask  has  two  holes,  one  for  a  tube  from  a  hy- 
drogen generator  and  the  other  for  a  delivery  tube   ending 
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under  water.  The  air  of  the  apparatus  is  first  washed  out  by 
means  of  hydrogen  (or  illuminating  gas)  ;  the  gas  is  then  cut 
off  and  the  flask  is  heated.  The  escaping  phosphine  may 
be  collected  in  a  receiver,  as  shown  in  the  figure,  and  this 
exposed  to  the  air,  or  the  bubbles  of  the  gas  may  be  allowed  to 
escape  through  the  water  directly  into  the  air.  The  material 
of  the  white  smoke  formed  when  phosphine  burns  is  phoS' 
phorus  pentootide^  water,  and  pJwspJioric  acid. 

The  equation  for  the  combustion  of  phosphine  is,  — 

2  PH,  +  4  O, »  P^O^  +  3  H^O. 

Pure  phosphine  is  not  actually  ignited  until  its  tem- 
perature reaches  100°  C.  As  the  giis  is  ORlinarily 
prepared,  however,  it  contains  small  amounts  of  the 
vapor  of  another  phosphide  of  hydrogen  (Pgll^),  which 
is  spontaneously  combustible,  and  which,  therefore,  ig- 
nites the  phosphine. 

298.  Phosphonium  Salts.  —  Phosphine  may  he  re- 
garded as  ammonia^  NH3,  with  its  nitrogen  replaced  by 
phosphorus.  Although  similar  to  ammonia  in  composi- 
tion, phosphine  is  much  less  basic.  The  tuj^ueoiLs  solution 
of  phosphine  is  not  alkaline  at  all;  the  compound 
PH4OH  can  hardly  be  present  in  the  solution. 

Phosphine  can,  however,  be  made  to  unite  with  the 
halogen  acids.  The  compounds  thus  formed  correspond 
with  the  ammonium  salts  of  the  halogens  ;  hence  they 
are  called  phosphonium  salts.  Phosphonium  hromide 
(PH^Br)  and  phospJumium  iodide  (PH^I)  are  much  like 
ammonium  bromide  and  iodide,  respectively. 
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Phosphonium  iodide  is  decomposed  by  soluble  hydroxides, 
much  as  ammonium  chloride  is  (cf.  §  142).  This  fact  is  evi< 
dent  from  the  equations, 

NII.Cl  +  KOH »  Ka  +  NH^OH  (i.  c,  NH,  +  HjO); 

PII J  +  KOII »  KI  +  PIIj  +  IlgO. 

299.  Phosphides.  —  The  phospliides  of  the  metak 
may  ))e  eoiisideivd  derivatives  of  hydrogen  phosphidej 
just  as  sulphides  are  of  hydrogen  sulphide.  The  fonnul; 
of  cideium  phosphide  is  CagPg ;  of  silver  phosphide^  ^SaJ^ 


Calcium  phosphide  is  a  white  solid  ;  when  it  is  treated  witl 
water  or  with  hydrochloric  acid,  it  gives  oflf  hydrogen  phos-  -* 
phide.  The  equation  resembles  that  for  the  action  of  hydro-^ 
chloric  acid  upon  ferrous  sulphide.     Both  equations  are  given-   -^ 

CagPa  +  0  HCl »  3  CaCl^  +  2  PH,. 

FeS  +  2  HCl »  FeCLj  +  HgS. 

300.  Oxides  of  Phosphorus.  —  Two  common  oxides  -^ 
of  phosphorus  are  kno^^^l,  ^dz.,  the  trioxide  (P3O3)  and 
the  pentoxide  {^^O^.     Both  are  wldte  solids. 

The  weight  of  a  given  volume  of  phosphorus  trioxide  in  the 
gaseous  state  is  known  to  be  ticice  that  demanded  by  the  formula 
F2O3  ;  consequently  it  is  better  to  write  the  formula  Vfi^. 

Phosphorus  pentoxide  is  formed  when  phosphorus 
burns  in  air  or  oxygen  free  from  moisture. 

4P  +  5  02=2P20,. 
It  is  a  bulky,  white  solid  which  lias  great  attraction  for 
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moisture ;  when  put  into  water  it  hisses  like  hot  iron. 
The  product  is  metapho8phoric  acid,  HPO3. 

PjOg  +  H2O  =  2  HPOg. 

Phosphorus  pentoxide  has  been  referred  to  as  capable  of 
decomposing  anhydrous  nitric  acid  and  producing  nitrogen 
pentoxide  (cf,  §  166).  It  is  the  anhydride  of  metaphosphoric 
acid,  as  nitrogen  pentoxide  is  of  nitric  acid. 

301.  Oxygen  Acids  of  Phosphorus.  —  Several  com- 
pounds of  phosphorus  with  oxygen  and  hydrogen  are 
known.  Three  of  these  form  a  series  like  the  oxygen 
acids  of  chlorine  (^cf.  §§  106  and  278) ;  they  are, — 

HypophoBphorous  acid,  IlgPOg ; 
PhospJtorous  acid,  H3PO3; 
Phosphoric  acid,  HgPO^. 

302.  Hypophosphorous  Acid.  —  Attention  has  al- 
ready been  called  to  the  fact  that  when  phosphorus 
acts  upon  sodiimi  hydroxide  (^cf.  §  297)  it  produces 
sodium  hypophosphite  (NaHgPOg)  as  well  as  phos- 
phine.  With  barium  hydroxide,  barium  hypophosphite, 
Ba(H2P02)2,  is  produced. 

The  hypophosphites  are  salts  of  hypophosphorous 
acid.    This  is  a  monobasic  acid  (^cf,  §  105).    Its  graphic 

tachod  to  oxygen  being  ordinarily  replaceable  by  metals. 


formula  is   ^^^P>^   ^^,    only  the   hydrogen    atom    at- 
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Hypophosphorous  acid  is  a  powerful  reducing  agent,  owi^^ 
to  the  ease  with  which  it  goes  over  into  phosphoric  acid. 

H,r03  +  03  =  H,PO,. 


18 


303.  Phosphorous  Acid.  —  Phosphorous  acid  is  ^=^^ 
intermediate   product  in   the    oxidation    of   hypopho  -^^^' 
phorous  acid.     It  is  itself  a  reducing  agent,  owing  to  i^^    ^ 
i-eady  oxidation   to  phosphoric  acid.     Its  anhydride 
phosphorus  trioxide,  PgOg. 

PaOg  +  3  H2O  =  2  HsPO,. 

Phosphorous  acid  may  be  prepared  by  treating  pho 
phorua  trichloride  or  trihromide  with  water  (cf.  §  271). 

PCI3  +  3  II2O >  HgPOa  +  3  HCl. 

Ordinanf  phosphorous  acid  is  dibasic  ;  its  graphic  formul 

^^ 

is,  therefore,  H — P — OH. 

304.  The  Phosphoric  Acids.  —  The  three  phosphoric 
acids  are,  (1)  orthopho8phorie  acidy  or  simply  phospJioric  "^ 
acid  (HgPO^) ;  (2)  pyropJiosphorie  acid  (H^PjO^),  and 
(3)  metaphosphoric  acid  (HPO3). 

There  is  still  another  phosphoric  acid,  from  which  all 
of  the  three  named  may  be  supposed  to  be  derived,  by 
loss  of  water  ;  this  is  normal  phosphoric  acid,  P(OH)g» 
It  corresponds  to  normal  nitric  acid,  N(OH)g.  But 
while  the  ordinary  form  of  nitric  acid  is  HNOg,  *.  «.,  the 
molecule  of  the  normal  acid  minus  two  molecules  of 
Water,  the  phosphoric  acid  from  which  the  phosphates 
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acid   ftT  .■H*'    IC    "/•<  Ill.U:*;l*ILK-     »!   Vl."t-rfr   IT"  »IL  ~'''    Hi  »_•— .Ijt-r 

of  the  oT^.clL'.isijii.at-  to-jJL. 

phonic  }M  H-i^.'j-^j^. .  y^\. 

its  grapliic  fcffmulii.  O^P — ^.•H.      I:   "l:j-:v:  :rr  :  rr.i> 

two  fl«V/  salts  (ff,  I  10-5  i  AXi'i  h  tt.rtt.  i~  sil: 

Thus,  with  sodium  hT4iK«i5*irr  tt-  iLiij  ^r:. — 

(1)  Sodiam  di-liTdrotz<en  j*'.t«:j«hii:'r,  XilLP*  »^ : 

(2)  Disodimn  hjdro;?en  j»h^*f  pLai-e.  XslHIV^  : 

(3)  Trisodium  pho^i^uit'e.  Xa.Pi~>^. 

Salts  like  the  first  <rf  tiiese.  in  which  onlv  o*\<-tMT\i  of  iho 
hydrogen  is  replaced,  are  called  j#rt«i/ii-y  j»ht^phatos  :  ihoso  in 
which  two-thirds  of  the  hydn^en  i?  replaoeii  aro  oiUlod  «<t  «>»itri»  »'t/ 
phosphates.     The  normal  salts  are  tertiary  phasphatos. 

305.  Prepaiatioii  of  the  Phosphoric  Acids.  -     Tho 
best  way  to  obtsun  arthophasphoric  arid  is  to  tix^at   nul 
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pliosphoi-us  with  nitric  acid,  and  to  evaporate  the  result- 
ing solution.  At  the  ordinary  temperature  the  acid 
consists  of  colorless,  deliquescent  crystals. 

l^yrophosphoHc  add  is  best  made  by  heating  the  ortho-  acid 
for  some  tune  to  200°  C.  ;  the  meta-  acid  is  made  by  heating 
the  ortho-  or  the  pyro-  acid  to  300°  C. 

JL' fa  phosphoric  acid  always  results  when  phosphorus 
pentoxide  dissolves  in  water. 

P^Oj  +  H,0  =  2  HPO3. 

When  the  meta-  acid  is  boiled  with  water  it  goes  over: 
into  the  ortho-  acid. 

HPO3  +  H^O  =  H3PO,. 
306.  Salts  of   the  Phosphoric  Acids.  —  Metaphor-- 

phates  ai-e  obtained  from  primary  orthophosphates  mily^-^^ 
by  the  loss  of  one  molecide  of  water  from  every  mole^  - 
cule  of  the  orthophosphate. 

Thus,  sodium  metaphosphate,  NaPOg,  is  obtained  by*^ 
lieating  sodium  di-hvdrogen  phosphate. 

NaH^PO^  =  H2O  +  NaPOg. 

The  so-called  ^^  metaphosphate  head^^  is  made  by  heating 
either  sodium  di-hydrogen  phosphate  or  sodium  ammonium 
hydrogen  phosphate  upon  a  loop  of  platinum  wire.  Sodium 
ammonium  hydrogen  phosphate  (also  called  "microcosmic 
salt'^)  has  the  formula  NaXH^HPO^.  When  heated  it  first 
loses  ammonia,  like  any  ammonium  salt  of  a  "J2a5e(2"  acid, 
giving  sodium  di-hydrogen  phosphate.     This  then  lofies  water. 

NaNH^HPO^ = NaPO,  +  NHj  +  H,0. 
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When  a  secondary  orthophosphate,  e.  g.,  NagHPO^, 
loses  water,  one  molecule  of  water  must  come  from  ttvo 
molecules  of  the  phosphate;  hence  a  pyrophosphate 
results. 

2  [N'agHPO^  —  HjO  :=  INa^PjOy  (sodium  pyrophosphate). 

307.  Uses  of  the  Phosphates.  —  A  knowledge  of 
the  relations  between  the  phosphates  is  essential  to  an 
understanding  of  the  reactions  involved  in  making 
fertilizers  and  phosphorus. 

The  phosphate  found  in  bone-ash  and  in  nature  is 
normal  calcium  phosphate,  Cag(P04)2.  This,  however, 
is  insoluble  in  water.  To  convert  it  into  soluble  form 
for  the  use  of  plants,  the  noi-mal  phosphate  is  treated 
Avith  sulphuric  acid.  This  changes  it  into  primary 
calcium  phosphate,  Ca(H2PO^)2,  which  is  soluble. 

Ca3(P04)2  +  2  H2SO4 ^  2  CaSO^  +  Ca(Il2P04)2. 

Calcium  sulphate  is  much  less  soluble  in  water  than  the 
primary  calcium  phosphate  ;  hence  the  two  can  be  separated 
readily. 

The  primary  phosphate  of  calcium  is  used  not  only 
as  a  fertilizer,  but  also  in  making  haking  powders  (if. 
§  206)  and  as  a  source  of  phosphorus. 

The  old  process  of  making  phosphorus  from  a  phosphate 
consists,  (1)  in  changing  the  phosphate  into  metaphosphate,  and 
(2)  in  reducina  the  metanhosphate. 


consists,  (1)  m  changing  the  phosp 
(2)  in  reducing  the  metaphosphate. 


^ 
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The  change  of  primary  calcium  phosphate,  like  that  of  the 
sfnUum  salt,  into  metaphosphate,  takes  place  on  heating. 

Ca(II.PO^)5  =  Ca(PO,),  +  2  H,0. 

The  reduction  of  calcium  metaphosphate  to  phosphorus 
takes  place  when  the  metaphosphate  is  heated  with  charcoal  or 
with  charcoal  and  silica,  SiOj  (cf.  §  292). 


B.  Arsenic 

308.  Occurrence  tind    Preparation  of    Arsenic. 
The  element  arseuie  is  found  in  nature  both  free  a 
oombinetl.     Its   chief   ores   are    realgar  and    orpime 
(^As^S.^  and  As^Sg,  resi)eetively),  the  oxide  (AsgOg),  a 
ars*' nop tf rite    (FeAsS").     Arsenopyrite    is   iron    pjTi 
(^FeSo)  with  luilf  of  the  sulphur  replaced  by  arsenic. 

The  element  may  be  prepared  by  reducing  the  oxid 
with  charcoiil. 

As^Oj  +  3  C »  2  As  +  3  CO. 


309.  Properties  of  Arsenic.  —  Arsenic  forms  com--- 
pounds  which  correspond  closely  vdXh  the  compound}^ 
of  phosphorus.     The  element  itself  is,  however,  more 
metallic  than  phosphorus.     It  exists  in  at  least  two  allo- 
tiHjpic  fonns. 

The  onlinai}'  fonn  of  arsenic  is  gray,  has  a  crystal- 
line structure,  and  is  about  5.7  times  as  heavy  as  water. 
It  is  not  at  all  midleable,  but,  on  the  contrary,  crumbles 
to  powder  when  struck. 
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When  arsenic  is  heated  to  about  500°  C.  out  of  contact  with 
the  air,  it  sublimes^  forming  a  yellow  vapor.  By  comparing  the 
weight  of  a  known  volume  of  this  vapor  with  that  of  oxygen 
under  the  same  conditions,  it  is  found  that  the  molecular  mass 
of  arsenic  vapor  is  about  300.  The  atomic  mass  being  75,  the 
molecule  must  contain /owr  atoms  ;  hence  the  molecular  formula 
is  A84.  Above  1,700°  C,  however,  most  of  the  molecules  con- 
taining four  atoms  dissociate  into  simpler  molecules  of  two 
atoms  each,  i.  e.,  ASj  molecules. 

Arsenic  begins  to  bum  at  about  180°  C.  to  fonn 
arsenic  trioxide,  AsgOg.  The  flame  is  bluisli-white. 
Like  phosphorus  and  antimony,  arsenic  unites  with 
clilorine  at  the  ordinary  temperature  to  form  the 
chloride,  AsClg. 

2  As  +  3  CLj  =  2  AsClg. 

The  same  substance  is  formed  when  arsenic  trioxide, 
AS2O3,  is  treated  with  concentrated  liydrocliloiic  acid 
solution. 

AsjOg  +  6  HCl »  2  AsClg  +  3  HgO. 

Arsenic  trichloride  is  a  colorless  liquid ;  it  is  decom- 
posed by  an  excess  of  water,  giving  arsenious  acid  and 
hydrochloric  acid. 

^         CI       HOH  OH 

As  —  CI  +  HOH »  As  —  OH  +  3  HCl. 


01      HOH  ^  OH 

Arsenic  trichloride  is  thus  like  phosphorus  trichloride, 
which  with  water  gives  phosphorous  acid  and  hydrc 
chloric  acid  Qqf.  §  303). 
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310.  Hydrogen  Arsenide.  —  Arsenic  combines  with 
nascent  hydrogen  to  form  liydrogen  arsenide  or  arsine^ 
AsHj,  a  substance  which  corresponds  with  phosphine 
gas,  PH3.  Arsine  cannot,  however,  be  made  to  unite 
with  hydrobromic  acid,  etc.,  to  give  compounds  resembling 
ammonium  and  phosphonium  salts  (jrf.  §  298). 

T!ie  mi>st  common   method  of  getting  arsine  (mixed 
with  hydrogen)  is  to  add  an  arsenic  compound  to  a  flask, 
in   which   hydrogen   is   being  generated;    the    nascent 
hydrogen  unites  with  the  arsenic  of  the  compound. 

Marsh's  Test. — Advantage  is  takeu  of  the  properties  o:^ 
arsine  to  test  for  the  presence  of  arsenic  in  any  substance  ;  th^ 
test  is  known  as  Marshes  test. 

To  a  flash  in  which  pure  hydrogen  is  being  generated  (Fig 
59),  there  is  attached  a  calcium  chloride  tube  and  a  hard  glasi== 


w 


=J 


== ^ 


FIQ.  68. 


tube  drawn  out  as  shown  in  the  figure.  The  hydrogen  is 
allowed  to  pass  off  until  the  usual  test  {yf.  p.  13)  shows  that 
all  air  has  been  removed.    The  jet  of  hydrogen  is  now  lifted, 
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and  a  few  drops  of  the  liquid  to  be  tested  for  arsenic  are  added 
through  the  thistle-tube.  If  arsenic  is  present,  the  flame 
chraiges  to  a  bluish-white  color,  and  a  cold  piece  of  porcelain 
held  in  the  flame  receives  a  shiny,  black  deposit,  called  au 
"  arsenic  mirror." 

If  the  hard  glass  tube  is  heated,  the  arsine  passing  through 
it  is  decomposed,  and  an  arsenic  mirror  appears  in  the  tube. 
Here  the  arsenic  may  be  identified  by  passing  hydrogen  sul- 
phide, H2S,  through  the  heated  tube.  The  same  precautions 
must  be  taken  to  have  all  air  removed  as  in  the  case  of  hydro- 
gen. Hydrogen  sulphide  changes  the  arsenic  into  arsenic 
trisulphide,  ASgSg  ;  this  is  a  golden-yellow  solid  called  orpiment 
(from  auri  pigmenturn).  If,  now,  dry  liydrochloric  acid  gas  is 
passed  through  the  tube,  the  arsenic,  trisulphide  does  not 
change.  These  properties  serve  to  distinguish  between  the 
arsenic  mirror  and  that  of  antimony  (cf.  §  318). 

311.  Arsenic  Trioxide.  —  The  oxides  of  arsenic  are 
the  trioxide  (AsgOg)  and  the  pentoxide  (AsgOg) ;  these 
correspond  to  the  phosphorus  oxides.  Arsenic  trioxide 
(often  called  "arsenic"  or  "white  arsenic")  is  the  most 
common  arsenic  compound.  It  is  a  white  powder  which 
sublimes,  without  melting,  at  about  220°  C.  The  vapor 
has  a  garlic  odor.  When  the  vapor  solidifies,  the  arsenic 
trioxide  appears  in  the  form  of  a  transparent  mass. 
At  very  high  temperatures  the  molecule  of  the  vapor 
is  represented  by  AsgOg;  but  between  220°  and  700°  C. 
the  molecules  are  doubled^  and  the  formula  is  As^Og. 

Uses.  —  Arsenic  trioxide  is  used  in  medicine  and  as  a 
poison.  Its  poisonous  action  upon  the  human  system 
is  rather  slow,  owing  to  its  dissolving  only  slowly  in  the 


Li'^ii'i   :f  ihe  ^crmoch.     Hie  antidote  is  a  mixtnie  of 
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312.  Arseoioas  Add. — Arseoie  tnoxide  is  slightly 
s  1:  •  Ir  in  ^\v:er ;  chje  s«>Iau»>a  profaablv  contstins  argem- 

A<J\  —  3  RjO  =  2  U^KsO^ 

At^tI  'TIS  ii  :i  Is  r:. •:  known  in  the  free  state  because  it 
Lr^.ik^  uo  i:i:.»  tinj^nio  iri*>3ude  (^its  anhydride^  and 
w.r.rr.  TLt:  sal:s  of  arsemoos  aeid  are  called  anenites. 
>•  1 1::-'::^  o:  iLtr^<-  are  iV»mieJ  when  aisenie  trioxide  is 
trvuirtl  wi:h  al«uilie7s.  Thus  sodium  hydroxide  and 
i::^.':.i-:  :rI.»xMe  fw"iih  water  this  is  anfmious  aciJ}  form 
f   lot  i  :tr4' t'.i:',,  N;uAsO-. 

H^\>0,  —  3  N:.i.>H ^.Xa^AsO,  +  8  H,0. 

Many  ai^rnit-s  are  tieriverl  from  rMkitarfeniams add^  HAsO^, 
^  li:«*h  may  be  lii^^kc^l  uf<ou  as  ar^euious  aeid  mitnts  water. 

.SV7iii»i  metarxeniU  would  be  XaAsO*. 

Double   Nature  of  Arsenious  Add.  —  Arsenic  tn- 
oxide (or  arsenious  acid)  reacts  not  only  mth  alkalies, 
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giving  arsenites  and  water,  but  also  with  acids,  giving 
arsenic  salts  and  water.  Thus,  with  concentrnted  hy- 
drochloric acid  and  arsenic  trioxide,  we  get  arsenic  tri- 
chloride and  water. 

AsaOg  +  6  HCl >  2  AsClg  +  3  IlgO ;  or, 

HgAsOg  +  3  HCl »  AsClg  +  3  H2O. 

Arsenious  acid  has  thus  a  double  nature;  for  toward 
strong  bases  it  acts  like  an  acid,  fonning  with  the  base 
an  arsenite;  while  toward  a  strong  acid  it  acts  like  a 
base,  giving  with  the  acid  a  salt  and  water.  Arsenic  is, 
in  fact,  intermediate  between  the  non-metals  and  the 
metals. 

Arsenic  Greens.  —  At  least  two  arsenic  compounds  have 
a  bright  green  color  ;  these  are  copper  arsenite^  called  "  Scheele's 
green"  and  a  mixture  of  copper  arsenite  and  copper  acetate, 
called  "  Schweinfurt's  green."  Both  of  these  are  sold  as 
"  Paris  green."  These  dyes  were  formerly  used  to  color  wall- 
paper, paints,  etc.  They  are  too  dangerous,  however,  and  are 
now  rarely  used  as  dyes.  Paris  green  is  used  to  destroy  potato- 
bugs,  etc. 

313.  Arsenic  Acid.  —  Arsenic  pentoxide,  AsgO^,  is 
the  anhydride  of  arsenic  add,  HgAsO^. 

AsjOg  4-  3  HgO  =  2  HgAsO^. 

Arsenic  acid  is  formed  by  dissolving  arsenic  or  arsenic 
trioxide  in  concentrated  nitric  acid.  (Compare  the 
preparation  of  phosphoric  acid  from  phosphorus,  §  305.) 
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The  arsenic  acids  have  formulas  of  the  same  type  as 
tliose  of  phosphorus :  — 

HgAs04  is  orthoarsenic  acid ; 
H4AS3O7  is  pyroarsenic  acid  ; 
HAsOj  is  metarsenic  acid. 

Metarsenic  acid  linally  gives,  by  loss  of  water,  arsenic  pentoxide, 

2  HAsO,  =  H3O  +  AsgOg. 

The  arsenates  are  like  the  corresponding  phosphates. 

314.  Arsenic  Trisulphide.  —  When  the  solution  of 
an  ai'senic  compoiuid  is  treated  with  hydrogen  sulphide, 
a  yellow  pi-eeipitiite  is  generally  produced;  this  consists 
of  either  the  trisulpliide  (AsgSg)  or  the  pentasulphide 
(Asg^s)-  Both  sulpliides  react  with  ammonium  sul- 
phide [(N  11^)28]  and  otlier  soluble  sulphides.  The  so- 
lution contains  a  snlpliarsenite  or  sulphur  senate.  Thus 
with  sodium  sulpliide  and  arsenic  trisulphide  the  equa- 
tion is,  — 

3  NagS  +  AsgSg  =  2  NagAsSg. 

The  sulpharsenite  (NagAsSg)  is  simply  an  arsenite  with 
its  oxygen  replaced  by  sulphir, 

"When  the  sulpharsenite  is  treated  with  a  dilute  acid,  c.  g.j 
hydrochloric  acid,  sulpharsenious  acicZ,  HgAsSg,  is  set  free  ;  this 
breaks  up  into  hydrogen  sulphide  and  arsenic  trisulphide. 
Arsenic  trisulphide,  being  insoluble,  is  reprecipitated.  These 
facts  are  shown  in  the  equations,  — 
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NagAsSg  +  3  HCl »  H, AsS,  +  3  NaCl. 

2  HgAsSs  =  3  HgS  +  ASgSg. 

Ammonium   sulpharsenite,  (NH4)gAsS8,  undergoes   a  similar 
decomposition. 

C.  Antimony. 

315.  Preparation  of  Antimony. — Antimony  is  found 
in  nature  chiefly  combined  with  sulphur  in  the  mineral 
stibnite,  SbgSg.  To  obtain  the  element  the  sulphide  is 
first  roasted,  i.  e.,  heated  in  a  stream  of  air,  and  then 
heated  with  charcoal. 

Boasting  converts  the  antimony  sulphide  into  the  tnoxide 
(SbgOg),  or  the  tetroxide  (Sb204),  and  sulphur  dioxide. 

2  SbgSg  +  9  O2 »  2  SbgOg  +  6  SOo  ;  or, 

SbgSa  +  5  0^ »  SbgO^  +  3  SOg. 

The  reduction  of  either  of  these  oxides  by  charcoal  gives  anti- 
mony and  carbon  monoxide. 

Sb208+  3  C »  2  Sb  +  3  CO. 

316.  Physical  Properties. — Antimony  is  a  solid 
having  a  bright,  silvery  luster  which  is  not  easily  tar- 
nished in  air.  Antimony  is  not  malleable.  At  alx)ut 
430°  C.  it  melts  to  a  liquid  of  a  slightly  higher  specific 
gravity.  When  melted  antimony  solidifies  it  expands 
again;  hence  antimony  is  valuable  as  a  constituent  of 
materials  for  ccuts^  such  as  type-metal.  The  specific 
gravity  of  the  solid  is  6.7.  The  specific  gravity  of  the 
vapor  shows  that  in  the  gaseous  condition  the  formula  of 
the  molecule  is  Sb,  {cf.  §§  295  and  300), 
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317.  Chemical  Properties.  — Antimony  bums  in  the 
air  to  fonu  the  trioxide  or  the  tetroxide.  It  combines 
with  chlorine  to  give  antimony  trichloride  (^ef.  §  84)  or 
the  pt'iitachloride^  SbClg.  With  fluorine,  bromine,  and 
iodine  it  forms  similar  compounds. 

^Vntimony  is  insoluble  in  hydrochloric  acid.  Nitric  acid 
oxidizes  it  to  antimony  trioxide  or  antimanic  acid^  HgSbO^. 

4  Sb  +  3  O2  =  2  SbjO,. 
4Sb  +  5  02  =  2Sb206.- 
SboOg  +  3  II.O  =  2  HgSbO^. 

With  aqua  regla  antimony  reacts,  giving  antimony 
trichloride.  When  the  solution  is  distilled  it  gives  the 
trichloride  as  a  liquid  boiling  at  223°  C.  This  solidifies 
to  a  pasty  mass  called  "  butter  of  antimony." 

Concentrated  sulphuric  acid  reacts  with  antimony. 
The  products  ai-e  shown  in  the  equation, 

2  Sb  +  G  IIoSO^ »  Sb2(S04)8  +  3  HaSOj  +  3  IIjjO. 

antimony  sulphate 

Antimony  resembles  ai-senic  and  phosphorus  on  the 
one  hand  and  bismuth  on  the  other.  It  is  like  the 
former  elements  in  the  general  structure  of  its  com- 
pounds ;  like  the  latter  in  its  ability  to  form  a  salt  with 
sulphuric  acid  and  in  other  metallic  properties. 

Its  positive  (-J-)  properties  are,  however,  weaky  as  is 
indicated  by  the  easy  decomposition  of  its  salts  by  water. 

Thus,  antimony  trichloride  is  decomposed  by  much  water, 
giving  a  basic  chloride  (its  simplest  formula  is  SbOCl)  and  hy- 
drochloric acid. 
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CI      HOH  OH 

Sb  Cl  +  HOH »Sb  OH  +  2  HCl. 

CI  CI 

OH 

Sb  OH  =  SbOCl  +  HgO. 

CI 

Again,  although  antimony  trioxide  reacts  witli  concentrated 
sulphuric  acid,  giving  antimony  sulphate,  Sb2(S04)g,  yet  when 
antimony  trioxide  reacts  with  the  dilute  acid,  the  product  has 
the  fonnula  (SbO)2S04.  The  compound  SbOCl  may  be  called 
antimony  oxy-chloride  or  antimonyl  chloride,  the  group  SbO 
being  called  antimonyl.  The  compound  having  the  formula 
(SbO)2S04  is,  therefore,  antimonyl  sulphate. 

Antimony,  even  more  than  arsenic,  is  a  transition  ele- 
ment. Its  oxide,  SbgOg,  reacts  not  only  with  acids, 
giving  antimony  «aft«,  but  also  with  alkalies^  giving  salts 
of  antimony  adds.  Thus,  antimony  trioxide  gives  with 
sodium  hydroxide  sodium  antimonite,  NagSbOg.  Tliis  is 
a  salt  of  antimonioiis  acid,  which  coiTesponds  with  phos- 
phorous and  arsenious  acids. 

318.  Other  Antimony  Compounds. — Among  the  im- 
portant antimony  compounds  are  hydrogen  antimonide 
(or  stihine)y  tartar  emetic,  and  antimony  trisulpMde, 

Hydrogen  antim^mide,  SbHg,  is  formed  from  an  anti- 
mony compound  just  as  hydrogen  arsenide  is  fonned  from 
an  arsenic  compound,  namely,  by  reduction  with  nascent 
hydrogen  (cf.  §  310). 

Marsh's  test  may  be  carried  out  with  antimony  in  the  appara- 
tus used  for  arsenic  (Fig.  59).  AVlien,  however,  hydrogen  sul- 
phide is  passed  over  the  antimony  mirror,  the  antimony  sulphide 
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formed  is  black,  while  that  of  arsenic  is  yellow.    Again,  when 
hydrochloric  acid  gas  is  passed  through  the  tuhe,  the  antimony 
sulphide  forms  drops  of  antimony  trichloride,  while  the  arsenic 
trisulphide  is  unchanged.     We  can  thus  distinguish  betweet^ 
arsenic  and  antimony. 

Tartar     emetic     is     potassium      antimonyl     tartrc^-^^'' 
K.SbO.C^H^Og.     It  is   formed   by    heating  a  mixti:^^^ 
of    antimony    trioxide,    potassium     hydrogen    tarti"8^^^ 
(cream  of  tai-tar),  and  water.     It  is  used  in  mediciirT^-^  * 

Antimony  trimlphide,    SbgSg,   is   formed   by   treati]^^^^ 
solutions  of  eitlier  antimonious  salts  or  antimonites  wi'  ^^^^^ 


hydrogen  sulphide.    Two  isomeric  antimony  trisulphid*  -9^^^ 
are  known.     The  one  formed  by  precipitation  is  bric!^    '^'" 
red,  wliile  stibnite  is  black.     The  red  form  is  unstabl^^^V 
it  goes  over  into  the  black  form  with  evolution  of  hea    ^* 


The  precipitate  of  antimony  trisulphide  reacts  readily  wit 
alkahne  sulphides  giving  sulphantimonites,  just  as  arsenic  tri- 
sulphide gives  sulpharsenites  (cf.  §  314).     The  sulphantimonite<0 
are  decomposed  by  dilute  acids  ;  and  antimony  trisulphide  is 
reprecipitated. 

319.  Uses  of  Antimony. — Antimony  is  used  in 
making  alloys.  Examples  are:  printer's  type-metal, 
pewter,  and  Britannia  metal.  Antimony  black  is  a  finely 
divided  form  of  the  metal;  plaster  casts  are  rubbed 
with  it  to  give  them  a  metallic  coating. 

D.  Bismuth. 

320.  Preparation  of  Bismuth.  —  Bismuth  is  found  in 
nature  free  and  also  in  the  form  of  the  sulphide  (Bi^Sj) 
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and  the  oxide  (Bi20g).  It  is  prepared  from  its  sulphide 
as  antimony  is,  namely,  by  first  roaatitig  the  sulphide  to 
form  the  oxide,  and  then  rediLcing  the  oxide. 

To  get  bismuth  free  from  impurities,  such  as  arsenic,  etc., 
it  is  mixed  with  saltpeter  and  heated.  The  impurities  are  thus 
oxidized  to  compounds  soluble  in  water,  and  can  be  separated 
from  the  bismuth. 

321.  Properties. — In  its  physical  appearance  bis« 
aiuth  is  much  like  antimony,  but  it  has  a  slightly  reddish 
color.  Its  melting  temperature  is  265°  C,  and  its  spe- 
cific gravity  about  10. 

Bismuth  bums  in  the  air  when  at  red  heat ;  the  prod- 
uct is  the  trioxide,  BigOg. 

Bismuth  trioxide  is  formed,  also,  by  heating  the  nitrate 
Bi(N08)8  (see  §  169),  and  by  heating  the  hydroxides  Hi(0ir)3 
and  BiO.OII,  which  are  produced  when  potassium  hydroxide 
solution  is  added  to  a  solution  of  a  bismuth  salt. 

Unlike  the  trioxides  of  arsenic  and  antimony,  bismuth 
trioxide  has  not  tlie  ability  to  react  with  alkalies  to  form 
salts.  It  is  an  entirely  basic  oxide.  The  liigher  oxide 
of  bismuth,  Bi^Og,  has  slightly  acidic  properties ;  for  it 
is  the  anhydride  of  hismuthic  acid,  IIBiOg.  The  acid  is, 
however,  very  weak  and  very  unstable. 

Bismuth  forms  no  hydrogen  compound  corresponding 
to  ammonia,  phosphine,  arsine,  and  stibine. 

322.  Bismutll  Salts.  —  Bismuth  combines  with  the 
halogens,  giving   tri-halogen  compounds,  which  corres- 
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pond  to  those  of  arsenic  and  antimony.  It  reacts  \vith 
nitric  acid  to  give  the  nitrate^  Bi(N03)3;  with  aqua 
regia  to  give  the  cJiloridey  BiClg,  and  with  concentrated 
sulpliuric  acid  to  give  the  sulphate,  Bi2(S04)3. 

Bismuth  salts,  like  those  of  antimony,  are  decomposed  by 
much  water,  giving  the  basic  salt  and  free  acid.  The  trichlor- 
ide usually  decomposes  as  follows :  — 

CI      IIOH  OH 

Bi  CI  +  HOH »  Bi  OH  +  2  HCl. 

CI  CI 

Bi(0H)2Cl »  BiO.Cl  +  HgO. 

The  nitrate  decomposes  in  a  similar  way. 

When  hydroyeti  Hulphide  is  added  to  the  solution  of 
a  bismuth  salt  there  is  produced  an  almost  black  pre- 
cipitate of  bismuth  sulphide^  BigSg.  This  is  insoluble  in 
alkaline  sulphides. 

323.  Uses  of  Bismuth.  —  The  principal  use  of  bis- 
muth is  as  an  ingredient  of  alloys.  Its  chief  alloys  are 
Wood's  metal  and  Moseys  metaL 

Wood's  metal  consists  of  four  parts,  by  weight,  of 
bismuth,  one  each  of  tin  and  cadmium,  and  two  of  lead. 
It  melts  at  about  65°  C. ;  hence  it  is  much  used  for 
metal  baths  in  the  laboratory. 

Rose's  metal  contains  nine  parts  of  bismuth  to  one 
each  of  lead  and  tin ;  it  melts  at  94°  C. 

The  basic  nitrate  of  bismuth  (simplest  formula,  BiCN^Gj)  is 
used  in  medicine  under  the  name  Usmuth  sub-nitrate. 
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324.  The  Nitrogen  Family.  —  The  elements  nitro- 
gen, phosphorus,  arsenic,  antimony,  and  bismuth,  to- 
gether with  some  rare  elements,  form  a  natuml  family, 
just  as  the  halogens  do ;  for  in  this,  the  nitrogen  family, 
just  as  in  the  case  of  the  halogens,  we  have  a  series  of 
elements  exhibiting  a  gradation  of  properties  in  the 
order  of  the  atomic  masses.  The  table  on  the  next 
page  shows  this  for  some  properties. 

A  complete  list  of  the  properties  of  the  members  of 
the  nitrogen  family  will  not  agree  so  well  as  in  the  case 
of  the  halogens.  When,  however,  we  can  compare 
corresponding  compounds  having  the  same  number  of 
atoms  to  the  molecule,  a  fair  degree  of  regularity  exists. 

325.  Exercises. 

1.  Wliat  means  are  there  of  kindling  fires  without  the  use  of 
phosphorus  ? 

2.  How  much  phosphorus  is  there  in  440  grams  (about  one 
pound)  of  bone-ash,  if  70%  of  the  asli  is  calcium  phosphate, 
Ca3(PO,)2  ? 

3.  Write  the  simplest  equation  for  the  decomposition  of 
phosphouium  bromide,  PH^Br,  by  barium  hydroxide,  Ba(0II)2 
(c/.  §  298). 

4.  Write  the  formulas  of  the  following  substances  :  normal 
harium  phosphate,  primary  ammonium  phofiphate,  potassium 
hypophosphite,  strontium  metaphosphate,  and  silver  pyrophos- 
phate, 

5.  Why  is  it  undesirable  that  arsenic  compounds  should  be 
used  to  color  wall  papers  ?    Explain. 

6.  Show  by  a  simple  equation  the  reduction  of  arsenic  tri- 
oxide  by  nascent  hydrogen  to  arsine. 
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7.  AVhen  a  bath  of  Wood's  metal  is  being  melted  the  un- 
melted  metal  floats  upon  the  liquid  portion.  Compare  the 
specific  gravity  of  the  solid  with  that  of  the  liquid.  Will  the 
liquid  expand  or  contract  on  solidifying  ? 


Element.      Nitrogen. 

1 

Pho9phoru». 

ArMtme, 

AnHaumfff. 

Bismvtk. 

Atomic 
Mass. 

14 

SI 

75 

130 

207 

Specific 
Gravity. 

0.885 
(liquid). 

1.83  to  2.19 

4.7  to  5.7 

6.7 

9.9 



Boiling 
Tempera- 
ture. 

— 194'  C. 

28r 

450* 

1500- 

1300*      \ 

Boiling 
Tempera. 
TURE  OF  Tri- 
chloride. 

Not  known, 
but  low. 

76* 

ISO* 

223' 

447- 

Properties 

OF 

Trioxides. 
Properties 

OF 

Pentox- 

IDES. 

NjO,,  is 

anhydride 

of  nitrous 

acid. 

PjOg  is  anhy- 
dride of  phos. 
phorous  acid. 
Weaker  than 
nitrous  acid. 

ASjOs  is 
both  weak- 
ly acid  and 

weakly 
basic. 

Sb,0.,  is 
likeASjO;,. 

BijOs  has  . 
only  basic 
properties. 

NjOfi  is 

anhydride 

of  nitric 

acid. 

PjOs  is  anhy- 
dride of  phos- 
phoric acid. 
Weaker   than 
nitric  acid. 

AsjOfi  is 
anhydride 
of  arsenic 

acid. 
Weaker 
than  phos- 
phoric 
acid. 

Sb,Ofi  is 
anhydride 

of 

antimonic 

acid. 

BisOfi  has 
only/atn/- 
ly    acid 
properties. 

Hydrogen 

Com- 
pounds. 

NH.H  unites 
with  HCl, 
HI,  etc.,  to 
form  salts. 

PH,  unites  with 
acids  with  dif- 
ficulty. 

AsHs  does 
not    unite 
with  acids. 

SbHs  does 
not    unite 
with  acids. 

BiH,  is 

not  known 

to  exist. 

CHAPTER   XX. 
THE  PERIODIC  SYSTEM. 

326.  Natural  Families.  —  During  the  first  half  of 
the  nineteenth  century  various  attempts  were  made 
to  classify  the  elements.  Chemists  recognized  the  fact 
that  there  were  "natural  famiUes"  of  elements,  and 
that  the  members  of  the  same  family  (called  homolog- 
ous elements),  while  bearing  a  general  resemblance  to 
one  another,  yet  showed  a  regular  gradation  of  properties 
in  the  order  of  the  atomic  masses. 

We  have  already  described  two  of  these  families,  viz., 
"the  halogen  family  (cf.  §  285)  and  the  nitrogen  family 
<cf'  §  324). 

Other  natural  families  exist.  Thus,  sulphur  and  oxygen, 
^vrith  the  rarer  elements  selenium  (Se)  and  tellurium  (Te)  form 
a  group  of  homologous  elements.     The  atomic  masses  are, — 

O,  16  ;  S,  32  ;  Se,  79  ;  Te,  127. 

Again,  the  elements  lithium^  sodium,  and  potassium,  with 
the  rare  elements  rubidium  and  caesium,  form  the  well-known 
** alkali"  group  of  metals.  The  atomic  masses  of  the  three 
more  common  metals  of  the  family  are, — 

Li,  7  ;  Na,  23  ;  K,  39. 

Here,  as  in  the  case  of  the  halogens,  we  find  a  continuous 
gradation  of  properties  in  the  order  of  the  atomic  masses, 

805 
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Lithium  hydroxide,  LiOTI,  is  a  weaker  base  than  sodium  hy- 
droxide, NaOH  ;  while  potassium  hydroxide,  KOH,  is  the 
strongest  base  of  the  three. 

327.  The  Periodic  Arrangement.  —  Although  the 
connection  between  the  properties  and  the  atomic  masses 
of  elements  in  the  same  group  had  been  recognized  for 
years,  it  was  left  to  the  Russian  chemist  Mendele^eff  and 
the  German  chemist  Lothar  Meyer  to  discover,  in  1869 
to  1871,  a  new  and  peculiar  relation  between  the  proper- 
ties of  all  elements  and  their  atomic  masses.  This  rela- 
tion is  the  basis  of  the  Periodic  System. 

Let  us  write  the  symbols  of  the  first  sixteen  elements  in 
the  order  of  the  atomic  masses.  Omitting  hydrogen^  which 
for  the  present  stands  almost  unrelated,  we  have,  — 

Element,  Li  Gl(Be)  B     C     N  O  Fl  Na  Mg  Al 

Atomic  Mass,    7        9       11     12    14  16  19    23    24    27 

Element,  Si       P       S     CI    K  Ca. 

Atomic  Mass,  28       31       32  35.5  39  40. 

A  study  of  the  elements  from  lithium  to  fluariney  in- 
clusive, shows  that  there  is  a  regular  gradation  of  prop- 
erties. The  strongly  metallic  properties  of  lithium  are 
weaker  in  gluciiium^  and  yet  weaker  in  boron.  The  hy- 
droxide of  boron  is,  in  fact,  called  boric  acid.  In  carbon 
we  have  an  element  with  faintly  electro-negative,  i.  e. 
non-metallic,  properties ;  the  elements  nitrogen  and  oxy^ 
gen  are  still  more  electro-negative  ;  until  in  fluorine  we 
have  a  typical  non-metal,  and  probably  the  most  electro- 
negative substance  known. 
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The  increase  of  atomic  mass  from  7  to  19  has  thus  continu- 
ously diminished  the  electro-positive,  or  metallic,  character 
possessed  by  lithium,  and  has  increased  the  electro-negative 
character  typified  by  fluorine. 

But  after  fluorine  the  gradation  of  properties  does 
not  continue ;  for  the  element  sodium^  the  next  greater 
in  atomic  mass,  is,  like  lithium,  one  of  the  most  typical 
metals.  There  is,  in  fact,  a  sudden  "  revei'sion  to  type  " ; 
for  sodium  belongs  in  the  same  natural  family  with 
lithium. 

Let  us,  then,  proceed  in  the  order  of  atomic  mass, 
writing  the  second  set  of  seven  elements  under  the  first 
set,  as  in  the  table  in  §  328.  Sodium  will  be  under 
lithium^  magnesium  under  glucinum,  etc.  We  find  the 
same  gradation  of  properties  with  increase  of  atomic 
mass  from  sodium  to  chlorine  as  we  found  from  lithium 
to  jbwrine. 

Magnesium,  like  sodium,  is  a  metal ;  but  magnesium  hydrox- 
ide is  a  weaker  base  than  sodium  hydroxide.  Aluminum,  the 
next  in  the  order  of  atomic  mass,  is  also  metallic  ;  but  its  liy- 
droxide  is  either  a  base  or  an  acid,  according  to  circumstance  s. 
In  silicon,  the  next  element,  metallic  properties  arc  rcaniiufj  ; 
silicon  forms  silicic  acid.  Next  come  phosphorus  and  sulphur^ 
undoubted  non-metals  ;  and  then  chlorine,  the  first  homologue 
of  fluorine. 

.  The  element  following  chlorine  is  jt7o^rt88n/w;  its  atomic 
mass  is  39.  Potassium  is  a  typical  metal,  and  belongs 
in  the  same  family  Avith  lithium  and  sodium.     In  passing 
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from  chlorine  to  potassium  we  have,  therefore,  a  second 
instance  of  "  reversion  to  type." 

The  properties  of  calcium  are  less  metallic  in  character  than 
those  of  potassium  ;  for  calcium  hydroxide  is  a  weaker  base 
than  potassium  hydroxide.  Thus,  after  potassium,  as  after 
sodium,  variation  in  the  properties  of  the  elements  goes  on 
continuously  with  increase  of  atomic  mass  for  another  period. 

From  the  study  of  "  natural  families  "  we  learned  that 
the  properties  of  the  elements  in  any  one  family  vary 
continuously  with  the  atomic  mass ;  now  we  see  that  the 
properties  of  all  elements,  while  not  varying  continw- 
ously^  as  in  the  natural  family,  yet  vary  periodically  with 
the  atomic  mass.  That  is  to  say,  a  certain  increase  of 
atomic  mass  is  accompanied  by  a  recurrence  of  certain 
properties  possessed  by  an  element  of  lower  atomic  mass. 
The  facts  are  summed  up  in  what  is  often  called  the 
Periodic  Law,  which  is,  ^^  The  properties  of  the  elements 
are  ij^T\Q&\c  functions  of  their  atomic  masses.'*^ 

328.  Regularities  in  the  Periodic  Arrangement.  — 

If  we  write  down  the  symbols  of  the  elements  from 
lithium  to  calcium,  putting  similar  elements  in  the  same 
vertical  columns,  we  have  an  arrangement  like  the  fol- 
lowing :  — 

Li  (7)  Gl  or  Be  (9)    B   (11)  C  (12)   N  (14)    0(16)   Fl  (19) 
Xa  (23)      Mg  (24)  Al  (27)   Si  (28)    P  (31)     S  (32)  CI  (35.5)^ 
K    (39)      Ca  (40) 

In  this  table  we  observe  several  regularities :  — 
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(1)  After  every  period  of  seven  elements  a  second  period  of 
seven  begins. 

(2)  The  difference  between  the  first  and  the  eighth,  the 
second  and  the  ninth,  etc.,  elements  is  in  every  case  nearly  nix- 
teen  units.  Two  successive  elements  of  the  same  family  are 
thus  separated  by  sw;  intervening  elements,  and  differ  from  each 
other  by  about  sixteen  units  of  atomic  mass. 

(3)  Elements  in  adjacent  positions  in  the  horizontal  rows, 
i.  e.,  heterologous  elements,  differ  from  one  another  by  small 
numbers  of  units,  generally  only  one  or  two.  The  largest  dif- 
ferences occur  between  fluorine  and  sodium  and  between  chlor- 
ine and  potassium,  i,  e.,  at  the  break  in  the  periods. 

329.  Properties  of  an  Element  Determined.  —  We 

may  call  the  two  elements  adjacent  to  another  element 
in  the  horizontal  rows  the  adjacent  heterolo(/nes  of  the 
element.  Thus,  boron  and  nitrogen  are  the  adjacent  het- 
erologues  of  carbon.  The  two  adjacent  heterologues 
and  the  two  adjacent  homologues  of  an  element  may  be 
called  the  analogues  of  the  element.  Thus,  glucinum, 
sodium^  calcium^  and  aluminum  are  the  analogues  of 
magnesium. 

Mendelejeff  showed  that  if  the  properties  of  magnes- 
ium were  wholly  unknown  they  could  l)e  deduced  ap- 
proximately from  the  properties  of  its  four  analogues. 

Thus,  the  atomic  mass  of  magnesium  (24)  is  very  nearly  the 
average  of  the  atomic  masses  of  its  analogues. 

9  +  40  +  28  +  27  ^  24.75. 
4 

Again,  the  average  of  the  specific  gravities  of  the  analoojues  of 
tnagnesium  gives  approximately  the  specific  gravity  of  magnes- 
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ium  itself.  The  specific  gravities  of  sodium,  aluminum,  glu- 
oiiium,  ami  calcium  are  0.97,  2.56,  2.10,  and  1.58,  respectively. 
The  average  is  1.8.  Experiment  shows  the  specific  gravity  of 
magnesium  to  be  1.75. 

Up  to  the  time  of  Mendelejeff  and  Meyer,  the  existence  of 
an  element  with  any  particular  properties  was  regarded  as  an 
isolaUil  and  accidental  fact  in  nature  ;  but  the  periodic  arrange- 
ment presents  the  idea  that  it  is  necessary  that  elements  of 
given  atomic  mass  shall  have  certain  definite  properties. 

330 .  *  *  Gaps ' '  in  the  Periodic  Arrangement.  —  When 
Mendelejeff  tii-st  drew  up  his  table  of  the  elements,  he 
found  that  in  seveml  eases  neighboring  heterologous  ele- 
ments did  not  fall  into  place^  i.  e.,  into  the  vertical  rows 
containing  the  other  members  of  their  natural  families. 
Thus,  the  element  zinc  (65)  was  followed  by  arsenic 
(75).  The  intervid  is  large^  viz.,  ten  units.  Now,  zinc 
belongs  in  the  same  natural  family  with  magnesinm;  and 
if  arsenic  follows  zinc,  arsenic  must  belong  to  the  family 
of  horon  and  aluminum.  Hence  the  second  and  fourth 
horizontal  rows  would  be  as  follows :  — 

2.  Xa  (2^)  Mjr  (24)  Al  (27)  Si  (28)  P  (31)  S  (32)  CI  (35.5) 
4.  Cu  (03)   Zn  (Go)  As  (75)  Se  (79)  Br  (80),  etc. 

This  arrangement  is  manifestly  impossible  ;  for  by  all  its 
properties  bromine  belongs  ^Wth  chloritie^  selenium  witli 
sulphur,  and  arsenic  with  phosphorus. 

The  arrangement  of  the  second  and  fourth  rows  should 

l)e, — 

2.  Na  (23)  Mg  (24)  Al  (27)  Si  (28)     P  (31)  S  (32)  CI  (35.5) 
4.  Cu  (03)  Zu  (05)    As  (75)  Se  (79)  Br  (80). 
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There  were,  therefore,  two  gaps  in  the  fourth  row ;  a 
member  of  the  aluminum  family  and  a  member  of  the 
silk'on  family  were  wanting. 

331 .  Prediction  of  Unknown  Elements.  —  Reasoning 
from  the  assumption  that  the  properties  of  an  element 
are  determined  by  its  position  in  the  periodic  grouping, 
Mendelejeff  drew  up  a  table  stating  the  properties  of 
the  unknown  elements  that  ought  to  exist  to  fill  the  gaps 
in  the  fourth  row.  The  supposed  element  of  the  alvr- 
minum  family  he  called  ek-aluminum,  and  that  of  the 
silicon  family,  eka-silicon.  Another  gap  existed  in  the 
third  row,  between  calcium  (40)  and  titanium  (48).  To 
this  element  Mendelejeff  gave  the  provisional  name  eka- 
boron. 

Mendelejeff  and  Meyer's  tables  were  published  in 
1871.  Four  years  afterward  an  element  having  the 
properties  of  ek-aluminum  was  discovered  in  France,  and 
named  Gallium.  Its  atomic  mass  was  found  to  be  70, 
as  predicted. 

In  1880,  NUson  and  Cleve  discovered  in  a  Scandina- 
vian mineral  a  new  element  which  had  the  properties  of 
eka-boron.     They  called  it  Scandium. 

In  1886,  Clemens  Winkler  discovered  the  element 
wliich  he  called  Germanium.  Upon  comparing  the 
properties  of  this  element  (its  atomic  mass  is  72)  with 
those  foretold  for  eka-silicon,  he  decided  that  the  new 
element  could  be  nothing  else  than  the  eka-silicon  pre- 
dicted by  Mendelejeff  fifteen  years  before. 
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332.  TheTaUeof  the  Elements— The  periodic  S3  stem 

( >f  the  r  Ieai«Mic$  is  given  on  the  following  page.  The  student  will 
uoticr  that  there  are  ti*jht  instead  of  sertn  groups.  This  is  due 
to  the  fat't  that  there  are  three  gn>ups  of  three  elements  each 
tliat  do  not  tit  into  the  table  of  seven.  The  first  of  these 
i:n*u|»i>  oHi^is'ts  of  the  elements  iron,  cobaU^  and  nickeL  whose 
atomic  niasi^es  place  them  between  mangaHe^  (00)  and  copper 
\^*M>),     These  three  groups  of  elements  constitute  Group  VIII. 

The  valence  of  the  elements  of  Group  IV  in  their  highest 
hjiin'^j'iu  com|H>uQils  is  4  •  from  Group  IV  to  Group  MTl  the 
valence  towan.1  hvdrocen  decrtaits. 

The  valence  of  the  elements  in  their  highest  oxygen  com- 
pounds 4rt«.-r»f'iAf;*  from  Group  I  to  Group  ^11. 

M  is  the  'j^n^nAl  syrub'A  of  all  the  elements. 

333.  ConclusiQii.  —  Besides  resulting  in  the  prediction 
of  the  pn^jvrties  of  undiscovered  elements,  the  periodic 
elassitictition  luis  led  to  a  more  eareful  study  of  the 
aioiiiie  nuv!>ses  of  kntHCH  elements. 

The  elassitioation  has  mauv  famlt*^  hat  it  is  full  of 
suggestions,  and  shows  a  ^triHn^  relationship  between 
the  elements.  Because  of  this  relationship  chemists  are 
teuiling  to  the  Wlief  that  ;dl  the  elements  are  modifica- 
tions of  sv^me  vet  simpler  forms  or  form  of  matter.  As 
t'>  the  character  of  this  fundamentsd  suhstanee,  nothing 
is  knowni  at  present.  A  recent  irregularitr  in  the  peri- 
otiic  arrancjement  residts  from  the  fact  that  the  atomic 
mass  of  telhirinro  has  been  placed  at  about  127*  or  slightly 
higher  than  iodine.  126.9.  This  is  not  startling*  how- 
ever, for  the  periodic  lecunence  of  properties  is  only 
approximate,  at  the  best. 
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334*  ^^  Argon  Family. — The  diacoreiyof  argon  and 

the  cLrroicaLd  n^Laced  to  it.  viz..  A«£tam,  jwon,  krypton y  and  ocenon, 
has  I-ril  CO  die  Lntroducdoa  of  a  new  familT  into  Chemistry,  — 
the  Ar^t.a  faniiiv  {,>:/.  §  llo).  Ramsay  suggests  (November, 
1*.*«'I  cha;  :he  :jT»^ap  may  be  placed  in  a  vertical  row  at  the  left 
i^f  the  :ilkali  Lrn.mp  in  the  table.  The^e  two  vertical  rows  would 
then  L«-H>fc  ^omethimr  like  this  :  — 


He  4       ' 

UT 

N«i  :3[| 

SaS 

Ar  4H 

K»> 

Cu  «S 

Kr  :>9 

Rb  dek4 

Agim 

Xe  li?     , 

1 

CslS     i 

The  fact  that  argon  (^4«>)  comes  before  potassium  (39)  need 
cause  uo  more  anxiety  than  the  fai^t  that  tellurium  (127.5)  pre> 
cedes  iixline  (^12»>.i»).  The  properties  of  the  elements  are  only 
appr'^ximKtUhj,  not  absoluUly.  periodic  functions  of  the  atomic 
masses. 

The  elements  of  the  argon  group  are  all  monatomic ;  and 
their  caltnce  Ls,  apparently,  o. 


CHAPTER  XXL 

SILICON  AND  BORON. 

A.   Silicon. 

335.  Occurrence  of  Silicon.  —  As  was  stated  in  §  6, 
silicon  is,  next  to  oxygen,  the  most  abundant  constituent 
of  tlie  earth's  crust.  It  is  not  found  free,  but  in  the 
form  of  its  oxide,  SiOg,  and  in  silicates,  i.  e.,  the  salts  of 
silicic  acid.  Silicon  dioxide  (silica)  and  the  silicates 
make  up  sand,  clay,  and  almost  all  the  crystalline  rocks 
of  the  earth's  crust. 

Silica  is  taken  up  by  plants.  The  straw  and  husks  of  the 
grains  contain  it.  The  equisetum  is  called  "•  scouring-rush," 
from  the  large  amount  of  silica  present  in  it.  Silica  is  found, 
also,  in  the  skin,  nails,  hair,  etc.,  of  animals. 

Certain  microscopic  plants,  the  diatoms,  have  skeletons  of 
silica ;  and  these  have  accumulated  in  large  deposits  in  some 
places. 

336.  Preparation.  —  Silicon,  like  carbon,  exists  in 
sevei-al  allotropic  forms.  The  amorphous  variety  may  he 
obtained  by  heating  a  mixture  of  powdered  quartz  and 
powdered  mdgnesiwm. 

2  Mg  +  SiOg >  2  MgO  +  Si. 

Amorphous  silicon  is  a  brown  powder  which  burns,  when 

815 
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L-riC'^i  Ir.  zL-t  lir.  :o  «iIicoa  diosM^-.     It  is  attacked  by  hydro- 

Silio-L.  L>  t'C^caiiifHi  crystalline  by  lieatiiigr  siHlium  fluo- 
fiy.:  1.'^.  Xj,,>:P.,.  wizh  s<»iiam  and  zine. 

NdLJ^iFl^  —  4  Xa »  O  XaFl  —  SL 

Thr  *il:'»!2  •iL***^Ivr*  ia  th-e  nieltted  ziiio.  and  separates  out  in 
•-■r}>:aL5  as  rLr  ziao  o*xk,s.  Whra  the  ziiic  solidities  it  encloses 
tL-r  -ili'.-vL..  Thr  ziao  L>  rh-ea  remoTrd  by  treating  tlie  mass 
w;:L  LT.lr*>.^hl»:'rio  ak-M:  and  silicon  remains. 

The  ery>:i\lIiTie  form  of  silicoii  does  not  bum  in  air 
«^r  r.xviiren,  t.ot  d^^es  it  dissolve  in  aeids.  It  dissolves  in 
lit  it  s.Jiuin  Iivdnixide  solution.  s^\ius[  ifodtHm  tUutite  and 
hydr»igtn.     The  simplest  equation  is, — 

Si  —  4  XaOH »  NXSiO^  4-  2  H^ 

337-  Silicon  Compounds.  —  The  general  stTuetnre  oi 
silicon  compounds  is  like  that  of  the  eonesponding  ear- 
iKin  compounds.  ffudn»<fen  ^liciJey  SiH^,  corresponds  to 
marifh  ga%.  CH^;  nln'on  Mrachloride^  SiCl^,  to  carbon  tet- 
racJiIoriJe.  CCl^ ;  ^iU'X'H  dioridey  SiOj,  to  carbon  diortdey 
Cf )2 ;  silicic  chloroform^  SiHCl^,  to  chloroform^  CHCI3. 

Hydrogen  silicide  is  a  colorless  gas.  It  may  be  ob- 
tained, mixed  with  hydrogen,  by  treating  moffnerium  sili- 
cidp^  with  dilute  hvdrocldoric  acid. 

Mg^Si  +  4  HCl »  SiH,  +  2  MgCly 
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As  ordinarily  made,  it  ignites  spontaneously  in  the  air. 

SiH^  +  2  O2 >  SiO^  +  2  H^O. 

Magnesium  silidde  is  prepared  by  heating  powdered  quartz 
with  an  excess  of  magnesium  powder. 

4  Mg  +  SiOa »  Mg2  Si  +  2  MgO. 

If  too  little  magnesium  is  used,  amorphous  silicon  results 
(c/.  §  336). 

Silicon  tetrachloride  is  a  colorless  liquid,  boiling  at 
59°  C.  It  is  formed  from  silicon  and  cliloiine.  Water 
decomposes  it,  giving  silicic  acid  and  hydrochloric  acid. 

SiCl^  +  4  H3O >  Si(0H)4  +  4  IICl. 

(Qf.  the  action  of  phosphorus  trichloride  with  water, 
§  303.) 

Silicon  tetrafluoride  is  a  colorless  gas,  formed  when 
silicon  dioxide  is  treated  with  hydrofluoric  acid. 

SiOg  +  4  HFl »  SiFl^  +  2  11,0. 

Silicon  tetrafluoride  is  decomposed  by  water  as  the  tetrachlor- 
ide is. 

SiFl^  +  4  H3O »  8i(OII)4  +  4  II  Fl. 

Instead  of  being  set  free,  however,  the  hydrofhioric,  acid  unites 
with  some  of  the  silicon  tetrafluoride,  formini^  fluosilicic  acid, 
HjSiFl^.  The  name  '* fluosilicic  acid"  means  ailkic  acid, 
HjSiO,,  with  its  oxygen  replaced  by  fluorine,  —  three  bivalent 
oxygen  atoms  by  six  univalent  fluorine  atoms  (rf.  §  314,  s}ilph- 
arseniteSy  and  §  194,  thiosulphates).  Many  fluoailicates  are 
known;  potassium  fluosilicate,  KgSiFlg,  is  one  of  the  few  difli- 
i:ultly  soluble  potassium  salt^. 
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338.  Siliom  Cartiide. — Silicon  carbide  (SiC)  or  car- 
borandum  is  among  the  three  hardest  substances  known, 
the  «.»thers  lieing  ^->rL>n  -j^rf  i#fc  and  the  diamond.  It  is 
made  bv  heating  a  mixture  of  powdered  quartz,  coke, 
Siiw-dust,  and  common  salt  in  the  electric  furnace. 

Carb«>ruadiim  is  mx  attacked  bv  airids  nor  bv  solutions  of 
alkiilics.  It  buriLs  onlv  with  ^rn^at  difficultT.  Because  of  its 
haniQe^c^.  p«.>wdere<i  carbonmdum  is  used  as  a  polishing  and 

cutting  stTrnt. 

339.  Silicon  Dioxide.  —  Silicon  dioxide  is  found  as 
sand,  ijiiartz,  etc.  < '/.  §  000 ).  The  pure  substance  may 
be  prepared  \»y  heating  silicic  acids.  H^SiO^,  H^iO^,  etc. 

lI^Si<\  =  SiO,  -r  2  H5O. 
ILSi<\  =  SiO,  —  H,0. 

Siliet^n  dioxide  is  thus  «7i\-iV  anhjfdriJe. 

AVhrii  uiiy  fomi  of  silicon  dioxide  is  fused  with  sodium  or 
l^naN^ium  hydroxidf  or  carbonate,  sodium  or  potassium  silicate 
results. 

•2  NaOH  ^  SiO. »  XajSiO,  +  H,0. 

Xa,CO,  —  SioJ »  NaiiO,  +  CO^ 

Calcium  carbonate  acts  in  the  same  war. 

When  silica  is  fused  with  the  *yxidf  of  a  metal,  a  silicate  is 

also  formed. 

Cai>  -L  SiO,  =  CaSiOj. 

Acids  do  not  act  upon  silica  (except  hydrofluoric  acid 
as  in  5  ooT  ). 

340.  Silicic  Add.  —  When  a  soluble  silicate  is  treated 
with  hydrochloric  acid,  a  bulky  mass,  like  gelatine,  is 
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precipitated.  This  probably  consists  of  normal  silicic 
acid,  H^SiO^.  When  the  gelatinous  mass  is  dried  at 
the  ordinaiy  temperature,  it  loses  water  and  becomes  a 
non-crystalline  powder.  This  is  probably  ordinary  silicic 
acid,  HgSiOg.  When  the  powder  is  heated  to  a  high 
temperature  it  loses  water,  forming  silica,  SiOg.  The 
equations  are  given  in  §  339. 

Polysilidc  Acids.  —  Besides  the  normal  and  ordinary  forms 
of  silicic  acid,  many  other  forms  are  possible  ;  these  are  known 
as  polysilicic  acids.  They  are  derived  from  normal  silicic  acid 
by  the  loss  of  different  proportions  of  water.  A  general  for- 
mula for  them  all  would  be,  — 

X  Si(0TI)4  —  y  ITgO. 

Thus,  if  a;  =  2  and  2/  =  1,  we  have,  — 

2  H^SiO^  —  HgO  =  IleSigOT. 

Among  the  varieties  of  amorphous  silica  found  in  nature  are 
agate^  chalcedony,  opal,  carnelian,  flint,  amethyst,  etc.  These 
all  contain  water,  and  may  therefore  be  looked  upon  as  forms 
of  the  polysiUcic  acids.  The  colors  of  these  substances  are 
usually  due  to  traces  of  impurities. 

341.  Silicates.  —  The  silicates  are  salts  of  silicic  acid. 
The  mineral  chrysolite  is  magnesium  silicate,  MggSiO^. 
Serpentine  is  MgjjSigOy.  These  are  salts  of  the  acids 
ir^SiO^  and  HgSigO^,  respectively.  Potassium,  sodium, 
and  calcium  silicates  are  derived  from  the  acid  IlgSiOg. 

Potassium  silicate  is  known  as  «*  water  glass  "  ;  it  is  used  to 
make  cements  and  artificial  stone.  Kaolin  is  practically  pure 
aluminum  silicate,  Al2(Si03)3.     It  fuses  only  at  a  very  high 
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teinporature.  It  is  used  for  making  china  and  crockery  ware, 
tin*- bricks,  etc.  Clay 9  which  is  impure  aluminum  silicate,  melts 
lower  than  kaolin ;  it  is  used  for  making  pottery,  bricks,  etc. 
Tlu»  rctl  color  of  baked  clay  is  due  to  ferric  silicate^  Fe2(Si08)8. 

342.  Glass.  —  Glass  is  a  mixture  of  certain  silicates^ 
j^'iitMiilly  of  sodium  or  potassium  silicate  with  calcium 
or  load  silicate. 

'V\w  silicates  of  calcium,  lead,  etc.,  crystallize  when  they  sol- 
itlifv  :  a  jrlass  made  from  them  Avould  break  into  fragments  on 
cot»liiiix.  The  silicates  of  sodium  and  potassium,  however,  not 
only  tlo  nt»t  crvstallize  themselves,  but  even  prevent  the  other 
silica h  s/rnm  rrt/stftUizinfj, 

Ordinary,  soft  glass,  such  as  is  used  for  window 
panes  and  holtlos,  is  essentially  amixtui-e  of  the  silicates 
of  i'itli'ln/n  and  HotJluNi;  it  may  l)e  made  by  melting  to- 
i^'tluM*  hIIouu  tutlttiuni  carbonate^  and  sodium  carbonate^  in 
tlu»  pn>por  proportions. 

Hard  glass  is  a  mixture  of  the  silicates  of  calcium 
and  potttushtm.  It  is  used  for  making  chemical  appara- 
tus, lamp  i^lohcs,  i»lc.    ' 

Flint  glass,  such  as  is  used  in  making  optical  instru- 
nuMits,  t't^^,  is  a  mixture  of  potassium  and  lead  silicates. 

Enameled  or  "milky"  gla.ss  is  made  by  adding 
(Tifoh'tr  (^rt\  §  200)  to  ordinary  glass. 

"Granite  ironware"  or  ^^ porcelain-lined^^  ware  con- 
sists of  iron  eoveivd  with  an  easily  fusible  glass,  called 
enamel. 

Color  is  im])artiMl  to  ^lass  1)y  the  addition  of  small  amounts 
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of  other  substances.  Thus,  a  cobalt  compound  colors  glass 
blue  ;  a  cuprous  compound,  red  ;  a  chromic  compound,  green. 

The  etching  of  designs  on  glass  is  done  with  hydrofluoric 
acid^  as  described  in  §  268.  In  certain  kinds  of  etching  a  blast 
of  sand  is  used. 

Pressed  glassware  is  made  in  molds  ;  in  cut  glassware  the 
designs  are  ground  or  polished  by  means  of  emery,  carborun- 
dum, or  sandstone  wheels. 

All  articles  of  glass,  to  be  permanent,  must  be  an- 
nealed. Annealing  consists  in  allowing  the  hot  object 
to  cool  regularly^  so  that  its  molecules  may  assume  per- 
maiient  positions  with  referencfe  to  one  another.  Unan- 
nealed  glass  may  fly  to  pieces  at  the  slightest  jar. 

B.  Boron. 

343.  Occurrence  of  Boron.  —  The  element  horon  is 
the  first  member  of  the  aluminum  group  of  elements 
(cf.  page  313) ;  yet  in  its  free  state  it  closely  resembles 
silicon  and  carbon.  It  occurs  in  nature  chiefly  as  horic 
acid  (H3BO3)  and  as  horax  (NagB^O^). 

Boric  acid  is  found  chiefly  in  Tuscany,  where  it  issues,  mixed 
with  steam,  from  the  earth.  Borax  is  found  in  Nevada  and 
California  in  dried  borax  lakes.  Boradte,  (Mg8B80i6)2.  MgCl2, 
occurs  at  Stassfurt,  in  Germany. 

344.  Preparation.  —  Boron  exists  in  two  allotropic 
forms,  —  the  amorphous  and  the  crystalline  ;  it  is  difficult 
to  prepare  either  form  in  a  pure  state. 

Crystalline  boron  is  made  by  heating  boron  trioxide,  BgOg, 
with  aluminum.     The  aluminum  reduces  the  oxide  ;  and  the 
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liberated  boron  dissolves  in  the  excess  of  aluminum.  When 
the  cooled  mass  is  treated  with  hydrochloric  acid,  the  aluminum 
dissolves,  leaving  crystals  of  boron. 

345.  Properties.  —  Crystalline  boron  has  a  specific 
gnivity  of  2.6,  and  resembles  the  diamond.  The  amorph- 
ous form  is  brown.  It  bums  when  heated  in  the  air, 
^ving  boron  trioxide,  BgOg.  Nitric  acid  converts  it  into 
boric  acid.  The  crystalline  form  is  more  difficult  to 
ignite  than  the  amorphous. 

Boron  dissolves  in  melted  sodium  hydroxide,  giving  sodium 
borate.  When  it  is  heated  in  nitrogen  or  ammonia  it  gives 
boron  nitride,  BN.  This  is  a  white  powder  which  is  decom- 
posed by  steam,  giving  boric  acid  and  ammonia. 

BN  +  3  II2O »  B(0H)8  +  NHg. 

With  chlorine,  boron  forms  boron  trichloride,  BCI3,  a  colorless 
liquid.  This  is  decomposed  by  water,  giving  boric  acid  and 
hydrochloric  acid  (c/.  §§  303  and  337). 

BCI3  +  3  II2O »  B(0II)8  +  3  HCl. 

346.  Boric  Acid.  —  Boric  acid  is  made  by  adding 
concentrated  hydrocliloric  or  nitric  acid  to  a  hot  solution 
of  borax.  It  is  a  wliite,  crystalline  solid.  Its  aqueous 
solution  has  a  faintly  acid  reaction  with  litmus,  but 
colors  turmeric  paper  brown^  just  as  sodium  hydroxide 
does.  Boric  acid  is  in  some  respects  like  aluminum  hy- 
droxide^ which  is  an  acid  or  a  base,  according  to  circum- 
stances. 
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Boric  acid  is  volatile  with  steam ^  as  was  iudicated  in  §  'MS. 
Ite  solution  in  ethyl  alcohol  bums  with  a  bright  green  tl:une. 
When  boric  acid  is  heated  it  loses  water,  giving  finally  the  an- 
hydride,  BjOj.  This  redissolves  readUy  in  water,  giving  the 
acid. 

347.  Borax.  —  The  ordinary  borates  are  derived  not 
from  the  normal  acid,  H3BO3,  but  from  tetrahoric  acid, 
H^fi^.  This  is  related  to  tlie  normal  acid  just  as  the 
polysilicic  acids  are  to  normal  silicic  acid  (</.  §  340). 

4  H3BO3  _  5  H^O  =  H^B.O,. 

Borax  is  sodium  tetraborate,  NagB^O^.  It  comes 
into  the  market  as  crystals  whicli  are  either  Na.jB^Oy. 
10  H2O  or  Na2B407.5  HgO. 

When  heated,  borax  loses  its  crystal-water  and  swells  to  a 
porous  mass  ;  on  stronger  heating,  this  molts  to  a  clear  glass. 
Molten  borax  dissolves  the  oxides  of  metals,  and  with  some  of 
them  gives  characteristic  colors  ;  hence  its  use  in  the  JahordUtnj 
to  form  the  "  borax  bead,"  and  in  the  arts  to  clean  the  surfaces 
of  metals  before  soldering  and  welding,  and  before  coating 
metals  with  enamel  (cf.  §  342). 

Borax  is  used,  also,  to  prevent  the  decomposition  of  organic 
substances,  in  medicine,  in  the  manufacture  of  hard-water 
soaps,  and  to  increase  the  gloss  of  starch. 

348.  Exercises. 

1.  Name  some  of  the  scouring  mixtures  which  consist  es- 
sentially of  silica. 

2.  Suggest  SL possible  reason  for  the  fact  that  silicon  dioxide 
is  a  hard,  infusible  solid,  while  the  corresponding  oxide;  of  cur- 
bon  is  gaseous. 
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CHAPTER   XXII. 
DISSOCIATION  AND  MASS  ACTION. 

349.  Dissociation  by  Heat.  —  We  have  already 
learned  of  several  cases  of  dissociation  by  heat,  e.  ^.,  the 
decomposition  of  %team  (cf,  §  45)  and  of  hydriodic  acid 
(^cf.  §  276).  The  essential  things  in  a  dissociation  are 
the  constant  decomposition  of  complex  molecules  into  sim- 
pler ones,  and  the  constant  recombination  of  the  sim- 
pler molecules,  until  a  definite  equilibrium  is  established. 

The  (lissociatiou  of  iodine  (cf.  §  274)  is  recognized  by  the 
fact  that  while  heloiD  600°  C.  the  molecular  mass  of  iodine 
vapor  is  254,  above  this  temperature  the  molecular  mass  dimin- 
ishes, until  at  about  1500°  C.  it  becomes  practically  127.  This 
diminution  of  the  molecular  mass  means  that  the  number  of 
molecules  has  increased.     Ig  molecules  have  become  monatomic 

(I). 

350.  Dissociation  in  Solution;  Ionization.  —  Disso- 
elation  takes  place  not  only  at  elevated  temperatures, 
but,  in  many  cases^  in  solution.  It  is  recognized  just  as 
heat-dissociation  is,  viz.,  by  an  increase  in  the  number  of 
molecules.  As  we  have  already  learned  (^.  §§  244  and 
245),  the  molecular  mass  of  a  sohMe  substance  can  be 
obtained  from  the  osmotic  pressure,  and  from  the  freez- 
ing-point and  the  boiling-point  of  the  solution.  When, 
however,  we  come  to  apply  these  methods  to  a  substance 
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MafiV  o'her  ?fTifji?;ances.  e.  ST-  i^in>Mm^  aeiJ^  nitric 
/x/r/V/,  pofoajnum  aiid  #^itifm  h^dfyjfxidt*^  poia^mm  ehloritiey 
t(////hjm  mtrofe.  etc.-  are  like  sodium  chloride.  The  de- 
\tri'M\ifU  iff  the  freezing-point-  the  elevatioii  of  the  boiling- 
j///i/it,  and  the  ^^siiiotic  pressure  of  aqueous  solutions  of 
f  hejte  hijJMtaneeH  all  »ho\v  tliat  the  number  of  molecules 
piei'.enl  in  Holutioii  Ls  ^^ater  than  we  should  expect  — 
in  UlJufj'  Holutirin  practically  firiVj«  as  great.  The  mole- 
/^iilew  of  Hodlura  HulpJuite,  ^sulphuric  acid,  etc.,  dissociate 
\uUt  ihrt'ti  pailieleH  in  dilute  solution. 

The  electric  conductivity  of  solutions  supports  the 
iheory  of  <liHK(K;iation ;  for  the  electric  current  can  pass 
\vMi\\\y  only  through  solutions  containing  substances 
whone  niohtculeH  dissfxiiate  in  solution.  Pure  water 
hiiH  It  (uMi(hujtiviiy  that  is  almost  nil ;  the  conductivity 
of  Hii)j;ar  solution  is  also  very  small ;  but  aqueous  solu« 
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tions  of  strong  acids,  strong  bases,  and  the  salts  formed 
from  them  conduct  readily.  The  substances  just  named 
are,  therefore,  called  electrolytes,  and  dissociation  in  so- 
lution is  called  electrolytic  dissociation.  The  particles 
into  which  an  electrolyte  dissociates  are  called  ions ; 
hence  the  dissociation  is  called,  also,  ionization. 

Composition  of  a  Solution.  —  A  solution  of  sodium  chloride  in 

water  is,  then,  not  merely  a  mixture  of  the  molecules  of  these 

two  substances.     In  the  first  place,  most  of  the  sodium  chloride 

molecules  are  dissociated  into  sodium  and  chlorine  ions.     Since 

recombination  goes  on  at  the  same  time,  the  behavior  of  sodium 

chloride  in  water  is  shown  by  the  equilibrium  equation  (c/*.  § 

27C),- 

+        - 
NaCl >  Na  +  CI. 

But  the  water,  too,  is  dissociated  slightly,  — 

HgO  1 »  H  +  OH. 

Hence  combination  may  take  place  between  soditim  and  hy- 
droxyl  ions  and  between  hydrogen  and  chlorine  ions  to  form 
undissociated  sodium  hydroxide  and  hydrochloric  acid^  respec- 
tively. We  have,  therefore,  present  in  an  aqueous  solution  of 
sodium  chloride  eight  distinct  things :  the  ions  hydrogen,  hy- 
droxyl,  sodium,  and 'chlorine,  and  the  undissociated  substances 
water,  sodium  chloride,  sodium  hydroxide,  and  hydrochloric 
acid. 

351 .  Explanation  of  Neutralization.  —  A  very  simple 
explanation  of  the  properties  of  acids,  bases,  and  salts, 
and  of  neutralization  follows  from  the  ionization  theor}'. 
All  acids  in  aqueons  solution  affect  litmus  in  the  same 
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way  because  they  all  give  hydrogen  tons.  The  turning 
of  litmus  red  is  simply  an  indication  of  the  presence  of 
these  ions.  Similarly,  bcises  are  substances  whose  solu- 
tions contain  hydroxyl  (OH)  ions. 

Neutralization  is  thus  essentially  the  union  of  hydrogen 
and  hydroxyl  ions  to  form  undissociated  molecules  of  water. 

This  new  definition  of  neutralization  is  supported  by  the  fact 
that  the  amount  of  heat  evolved  when  the  several  strong 
acids  are  neutralized  by  a  given  base  is  approximately  the 
same  if  equal  numbers  of  molecules  of  the  acids  are  taken. 
Thus,  63  grams  of  nitric  acid,  36.5  grams  of  hydrochloric  acid, 
and  4^  grams  of  sulphuric  acid  all  liberate  practically  the  same 
quantity  of  heat  when  neutralized  by  sodium  hydroxide.  Sul- 
jihuric  acid  has  the  molecular  mass  98  ;  but  it^  molecule  gives 
two  hydrogen  ions  ;  hence  49  grams  of  sulphuric  acid  are  equiva- 
lent to  C3  grams  of  nitric  acid  and  to  36.5  grams  of  hydrochloric 
acid. 

Tlie  ionic  equation  for  the  neutralization  of  sodium 
hydioxide  by  hydrochloric  acid  is,  — 

^  _L        -1_         

Xa  +  OH  +  H  +  CI »  Na  +  C1  +  HjjO. 

When  we  evaporate  the  water  we  get  union  of  the  so- 
dium and  cliloiine  ions ;  and  sodium  chloride  is  formed. 

352.  "  Test "  Reactions  are  Ionic.  —  What  we  call 
tests  for  classes  of  substances,  e.  ^.,  the  action  of  silver 
nitrate  solution  with  chlorides^  and  of  barium  chloride 
solution  with  sidphates^  are  really  tests  for  free  ions. 
Thus,  when  we  add  silver  nitrate  solution  to  a  solution 
of  sodium  chloride,  the  equation  is,  — 
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JL.  J-  _L  

Ag  -f-  NOg  +  Na+  CI » -AgrOZ  +  Na  +  NOg. 

The  «t7v£jr  chloride^  being  practically  insoluble^  is  almost 
all  removed  as  a  precipitate. 

If,  however,  we  add  silver  nitrate  solution  to  a  dilute 
solution  of  sodium  chlorate^  NaClOg,  we  do  not  get  a 
precipitate  of  silver  chloride,  because  no  chlorine  ions  are 
present.  The  chlorine  of  sodium  clilorate  is  part  of  the 
ion  ClO^.  Silver  chlorate^  which  miglit  be  formed,  is 
not  precipitated  because  soluble.  Hence  no  result  is 
apparent, 

+        -        +        -  +-+- 

Ag  +  NOg  +  ]Sra  +  ClOg »  Ag  +  NOg  +  Na+  ClOg. 

Another  illustration :  Ferrous  chloride^  TeClg,  gives  with 
ammonium  sulphide^  (^^^^^  a  black  precipitate  of  ferrous  sul- 
phide, FeS ;  but  ammonium  sulphide  does  not  precipitate  the 
iron  of  potassium  ferrocyanide  solution,  K4re(C!N')g,  because 
iron  ions  are  not  present. 

+         •- 
K4re(C]Sr)e »  4  K  +  Fe(CN)g. 

353.  Electrolysis.  —  What  we  call  electrolysis  is  not 
the  tearing  apart  of  molecules  by  the  electric  current, 
but  the  carrying  of  electric  charges  by  the  ions  from  one 
electrode  to  the  other.  When  we  electrolyze  dUute  sul- 
phuric acid,  as  in  §  37,  we  have,  before  the  introdiiction 
of  the  electrodes  into  the  acid,  ionization  of  most  of  the 
sulphuric  acid  molecules. 

+       - 
HjS04 »  2  H  +  SO4. 
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The  current  passes  because  the  hydrogen  ions  carry 
-}-  charges  from  the  -j"  ^  ^^  —  electrode,  and  the  ml- 
phuryl  (SO4)  ions  —  charges  from  the  —  to  the  -|-  elec- 
trode. Tlie  bivalent  SO^  ion  can  carry  as  great  a  charge 
as  Uvo  univalent  hydrogen  ions. 

The  charged  ions  (H  aiid  SO4)  are  not  atoms ;  neither  have 

they  all  the  properties  of  free  molecules.     When  they  reach 

their  respective  electrodes,  however,  they  take  on  their  ordinary 

properties.     The  hydrogen  ions  give  up  their  -|-  charges  at  the  — 

electrode,  and  become  neutral  atoms.     These  unite  to  form  h}- 

drogen  molecules.     The  sulplmryl  ion  gives  up  its  —  charge 

at  the  -f-  electrode,  and  becomes  the  radical  SO4.     This,  being 

unstable,  acts  upon  water,  giving  sulphuric  add  and  atomic 

oxygen. 

SO4  +  IIoO » IlgSO^  +  — O— . 

The  oxygen  atoms  unite  to  give  molecules  of  oxygen  (Og)  or 
of  ozone  (03 ;  cf.  §  287). 

354.  Hydrolysis.  —  While  strong  acids,  like  hydro- 
chloric acidy  etc.,  are  much  dissociated  in  solution,  weak 
acids,  like  carbonic  acid,,  hydrocyanic  acid,  etc.,  are  dis- 
sociated only  slightly.  Consequently,  when  we  dissolve 
the  salt  formed  from  a  weak  acid  and  a  strong  base,  e.  g., 
sodium  carbonate,  we  get  the  reaction  of  the  base,  L  «., 
of  Oil  ions. 

That  this  must  be  so  is  seen  from  the  equation, 

+        -          +            -  +  - 

2  Xa  +  CO3  +  2  II  +  2  Oil » IloCOg  +  2  Na  -f  2  OH. 

The  carbonic  acid  is  only  slightly  dissociated  ;  hence  relatively 
few  hydrogen  ions  remain  in  the  solution,  while  the  hydroxyl 
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ions  are  present  in  excess.     Therefore  sodium  carbonate  solu- 
tion reacts  alkaline. 

The  dissociation  of  the  salts  formed  by  tveak  bases  and 
strong  aeids  is  similar;  only  in  tliis  case  we  get  the  reac- 
tion  of  the  aeidy  i.  e.,  of  hydrogen  imis. 

Thus,  when  ferric  chloride  is  dissolved  in  water,  the  ionic 
equation  is, — 

+         -         +          -  +  ~ 

Fe  +  8  CI  +  3  II  +  .-J  on ♦  Fe(OII)3  +  3  II  +  3  V\. 

Here  i\\Q  ferric  hydroxide^  re(0H)3,  being  a  weak  base  and  little 
dissociated,  removes  many  OH  ions  from  the  ''  sphere  of  ac- 
tion "  ;  hence  the  Jl  ions  determine  the  reaction  of  the  solution. 
Ferric  chloi'ide  solution  reacts  acid.  Morever,  its  ru.^fy  color 
shows  that  much  undissociated  ferric  hydroxide  (iron  rust)  is 
present  in  it. 

The  illustrations  just  given  are  cases  of  hydrolysis, 
i.  e.,  of  "  decomposition  by  water." 

355.  Mass  Action.  —  The  recombination  of  dissoci- 
ated particles,  whether  in  gaseous  form  or  in  solution,  is 
influenced  by  the  frequency  with  which  the  particles 
meet.  If,  therefore,  we  wish  to  stop  or  to  diminish  the 
dissociation  of  a  substance  AB,  we  simply  see  to  it  that 
a  large  excess  of  one  of  the  dissociated  particles,  e.  </., 
Ay  is  present.  The  active  mass  of  A,  that  is,  the  mass 
of  it  that  can  combine  Avith  5,  is  thus  increased. 

Tlie  effects  due  to  an  excess  of  dissociated  particles 
are  cases  of  Mass  Action. 

To  illustrate :  When  we  attempt   to  get  the  molecmlai 
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mass  of  phosphorus  poitachloride^  PClg,  by  vapor  density 
niethotls,  we  find  that  the  molecular  mass  is  too  low^  o^^nng  to 
the  dissociation  of  some  of  the  molecules  into  phosphorus 
trichloride  and  chlorine, 

PCl6;jZZiPCl3  +  Cl,. 

The  dissociation  can  be  prevented  if  the  vapor  density 
determination  is  carried  out  in  an  atmosphere  of  phosphorus 
tricliloride ;  because  the  chlorine  molecules  then  meet  mole- 
cules of  i)hosphorus  trichloride  so  frequently  that  practically 
no  chlorine  molecules  remain  free. 

Sbnilar  effects  occur  in  solution.  Thus,  if  we  wish  to  pre- 
cii)itato  the  sulphuric  acid,  i.  e.,  the  SO^  ions^  contained  in  a 
solution,  we  use  barium  chloride  solution.  If  we  use  exactly 
the  theoretical  amount  of  barium  chloride,  however,  much  ba- 
rium sulphate  remains  in  solution  (as  Ba  and  80^  ions).  The 
reaction  is  only  partly  represented  by  the  equation, 

+        -         +        -  +  - 

15a  +  2  CI  +  2  II  -f  SO4 »  BaS04  +  2  11  +  2  CI, 

for  the  reverse  operation  also  goes  on. 

+       - 
BaSO^ »  Ba  +  SO4. 

Whatever  will  cause  the  SO^  ions  to  meet  more  Ba  ions  in  a 
given  time  will  increase  the  precipitation  of  the  80^  ions  as 
barium  sulphate.  AVe  obtain  this  result  by  adding  a  large  excess 
of  barium  chloride  solution. 


356.  Exercises. 

I.  What  substances  are  present  in  a  solution  of  potassium 
nitrate  in  water  ?     Whj'  is  the  reaction  neutral  ? 
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2.  Make  a  definition  of  an  acid  in  terms  of  the  ionization 
tlieory.     Of  a  salt. 

3.  The  reaction  of  a  solution  of  potassium  cyaniile,  KCX, 
is  alkaline  ;  so  is  that  of  a  solution  of  disodium  hydrogen  phos- 
phate, Na2^^^^^4'     Explain. 

4.  Write  the  ionic  equation  for  the  neutralization  of  hydro- 
hroDiic  acid,  HBr,  by  potassium  hydroxide.     Explain. 

5.  Cold,  concentrated  sulphuric  acid  does  not  act  upon  zinc, 
but  the  dilute  acid  does.     Explain. 

6.  Explain,  in  terms  of  the  ionic  theory,  the  action  of  hydro- 
gen sulphide,  HgS,  upon  cupric  sulphate  solution  (cf.  §  182). 

7.  To  precipitate  all  the  manganese  of  a  manganese  sulphate 
solution  as  sulphide  (  (/.  §  182),  we  use  a  decided  excess  of  am- 
monium sulphide,  (NH^)^  S.     Why  ? 


CHAPTER   XXIII. 
METALS. 

357.  Metals  and  Non-Metals.  —  In  our  previous 
work  we  have  studied  chiefly  notirmetallic  elements. 
Tliere  is,  however,  no  sharp  distinction  between  uietiils 
and  non-metals,  Ijut  rather  a  gradual  change  from  cue 
class  to  the  other  (j'f\  §  327).  But  just  as  oxyijen^ 
rJdorine^  and  sulphur  have  a  distinct  character,  which  no 
one  would  mistake  for  that  of  a  metal,  so  there  are 
certain  elements  having  a  typical  metallic  nature. 

MctaJn  are  usually  opaque,  and  their  polished  surfaces 
are  good  reflectoi-s  of  light;  hence  the  metallic  luster. 
They  are  good  conductors  of  heat  and  electricity.  With 
oxygen  and  hydrogen  the  metals  form  bases;  and  by 
replacing  the  hydrogen  of  acids,  i.  e.,  ionic  hydrogen, 
they  form  salts. 

Some  elements,  e.  g.,  antimony^  are  both  acid-forming  and 
base-forming  ;  they  are  often  called  metaUoids. 

358.  Occurrence  of  Metals.  —  The  solid  elements 
and  compounds  found  in  nature  are  called  minerals. 
Tlie  minerals  and  mixtures  of  minerals  from  which 
metals  are  obtained  are  called  ores.  Some  metals,  e.  g., 
gold  and  copper^  occur  free^  that  is,  uncombined  with 
other  elements ;  but  most  metals  are  found  as  oxides  or 

334 
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sulphides.  Some  metals  are  found  as  carbonates^  hydrox- 
ides^ etc. 

359.  Extraction  of  Metals  from  Their  Ores.  —  If 

]netals  occur  free  they  may  be  separated  by  mechanical 
means  from  minerals  mixed  with  them.  An  illustration 
is  the  crushing  of  an  ore  in  a  stamp-mill  and  the  wash- 
ing away  of  the  lighter  materials.  Copper  and  gold  are 
extracted  in  this  way,  although  chemical  methods  are 
employed  with  inferior  Ores  of  these  metids. 

Tlie  most  common  metliod  of  extracting  metals  is  to 
reduce  the  oxide  with  carbon  (charcoal  or  coke).  Tliis 
is  the  case  with  iron.  If  the  ores  used  are  not  oxides, 
they  are  usually  converted  into  oxides  by  "  roasting " 
(cf.  §  178).  Sulphides^  hydroxides^  and  carbonates  may 
tlius  be  changed  into  oxides. 

Another  method  of  reducing  an  oxide  is  to  heat  it  in  a  stream 
of  hydrogen.  The  oxygen  and  hydrogen  unite  and  escape  as 
steam^  while  the  metal  is  left.  This  is  a  good  laboratory 
method;  but  it  is  too  expensive  for  commercial  use. 

Chlorides  are  sometimes  reduced  by  li eating  thc^m  with 
sodium.  Aluminum  was  formerly  obtained  in  this  way  from 
its  chloride. 

Several  of  the  metals,  e.  g.,  aluminum^  are  obtained 
by  the  action  of  the  electric  current  upon  some  of  tlieir 
compounds. 

360.  Properties  of  the  Metals.  —  Besides  the  gen- 
eral properties  already  mentioned,  the  metals  possess 
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otlujr  prr>j>ertie8  in  varying  degrees.  Thus,  some  metals, 
1%  ^.,  MoUlam  and  lead,  are  soft ;  while  others,  e.  g..  chrom- 
ium iiiul  vuirujaneie^  are  liard.  Sodium  and  lithium  are 
li^lit  (;ti(Higli  tx>  float  on  water,  while  gold  is  19^3  and 
])I;Ltiiiuiii  i'^lM  times  as  heavy  as  water. 

A<({iiii,  HoiiU!  iiHftalH  evolve  much  energy  in  nniring  with 
u\y\H'.u^  wliil<;  ot}n;rH  form  ver}' u»<to1^{e  oxides.  Usually  the 
iiijlitn'  nwtalH,  Hiich  a8  Hrxlium  and  potassium,  are  very  active 
clii'iiiiriLlly,  himI  form  ntrong  bases;  while  the  henry  metals. 
MiK'li  iiH  U'ivX  and  gold,  are  much  less  active. 


CHAPTER   XXIV. 
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361.  General  Properties.  —  The  metals,  like  the  non- 
metals,  are  generally  studied  in  groups  or  natural  fami- 
lies based  upon  similarity  of  properties.  The  Alkali 
group  consists  of  the  five  metals  named  below  and  the 
radical  ammonium,  iVS^,  the  compounds  of  which  le- 
semble  those  of  sodium  and  potassium  (r/.  §  148). 
These  metals  are  called  "  alkali "  metals  because  the 
two  most  important  membens  of  the  group  are  contained 
in  the  alkalies^  i.  e.,  in  sodium  and  potassium  hydroxides. 


Element. 

Symbol. 

Atomic 

Mass. 

Specific 
Gravity. 

Melting 
Point. 

Tiithium. 

Li 

7 

0.59 

180°  C. 

Sodium. 

Na 

23 

0.97 

95.6°  C. 

• 

Potassium. 

K 

39 

0.87 

(52.5°  C. 

Rubidium. 

Rb 

85.4 

1.52 

38.5°  C. 

Csesium. 

Cs 

133 

1.85 

26.5°  C. 
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All  of  those  metals  liave  a  silvery  white  luster  and 
a IV  easily  I'ut.  In  iiir  they  become  coated  with  a  layer 
of  \\\\}  oride  and  the  hydroxide ;  if  carbon  dioxide  is 
pivsont,  those  pass  into  the  corresponding  carbonates. 
Tho  alkali  motals  burn  when  heated  in  air,  and  decom- 
j>oso  wator  at  onlinary  temperatures;  therefore  none  of 
thorn  is  found  free  in  nature.  The  salts  of  these  metals 
a IV  pniotieally  idl  soluble  in  water. 

Tho  pn^portios  of  tho  alkali  metuls  change  in  the  order  of 
tho  atoiuio  luasi^os,  r.  </.,  the  higher  the  atomic  mass  the  lower 
tho  luoliing-point.  Tho  chomioal  activity  and  the  eleetro-posi- 
livo  ohanu*tor  im^ira.^e  fnmi  Uthinm  to  cccsium,  C«esiuni  is  the 
mojit  oloctiwposiiivo  olomeut  known. 

362.  Lithium.  —  I-itliiuni   is  widely  distributed  in 
natuiv.  but  no  niinoral  known  oontmns  a  large  propor- 
tion of   it*     It    is  found  in  iiunute  quantities  in  most 
nunon\l    \\atoi>i.    in    many   plants,   and    in   the   bloml. 
I.itluum  is  tlio  liirhiost  of  the  metals.     Its  salts  color 
llio  Uunson  tlanu^  rrim^^H* 

363.  Sodium.  —  Sixlium  occurs  widely  distributed 
and  in  hu-^^  ipiantiiios.  csiHHnally  as  ftodinm  rMoridey 
NaV'l.  Tins  exists  as  r^.vt-^^i/f  and 4»« (f-J6rr7f« and  in  many 
miiuMiil  springs.  vS*T?f  «•)»  #t7itM/<'  is  found  in  nuiny  rocks ; 
tho  ^fr«'iiV  is  i^hili  Sidtjxncr.  I-;\rge  dejK^sits  of  the  sid- 
phato  ar.d  oarlxMiato  exist.  The  ashes  of  plants  gTv>w- 
iuiT  in  or  near  the  soa  contain  sixlitim  c^utc-nate^  and 
woTV  formerly  the  s<.>uivc  of  many  sodium  eompoaiids. 
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364.  Preparation  and  Properties  of  Sodium.  —  At 

present,  sodium  is  prepared  by  the  electroli/sis  of  sodiiiiu 
hydroxide,  or  of  sodium  chloride.  Strontium  chloride 
or  potassium  chloride  is  added  to  tlie  sodium  cliloride  to 
lower  the  melting-point. 

Formerly  the  metal  was  made  by  heating  a  mixture  of  the 
carbonate  and  charcoal  in  the  absence  of  air. 

]Sra2C08+  2  C »  2  Xa  +  3  CO. 

The  sodium  which  distilled  oif  was  first  condensed  to  a  liquid, 
and  was  then  collected  under  jietroleum. 

Sodium  is  a  wldte,  soft  metal  that  can  ))e  moulded  he 
tween  tlie  fingers,  and  can  be  readily  pressed  into  wiro 
Although  so  soft  at  ordinary  temperatures,  it  is  quit- 
hard   at  — 20°    C.     It    decomposes    water,    2)r()duciii^^ 
sodiiun  hydroxide  and  hydrogen  Qf.  §  40)  ;  this  method 
is  used  to  prepare  pure  sodium  hydroxide. 

Sodium  unites  readily  with  oxygen  (rf.  §2S{)),  producing'  t\ 
mixture  of  the  monoxide  (]N'a20)  and  tho  itcroxide  (Na^O^;. 
The  properties  of  the  pure  monoxide  are  not  known.  The  per- 
oxide has  recently  come  into  general  use  as  an  oxidizing  and 
bleaching  agent  and  as  a  source  of  free  oxygen.  It  is  decom- 
posed by  water,  giving,  finally,  sodium  hf/droxlde  and  oxygen. 

(1)  ISragOg  +  2  11  fi »  2  NaOlI  +  Il.Og. 

(2)  2H2U2  =  2Il20  +  0,. 

An  alloy  of  sodium  and  mercurt/,  called  sodium 
amalgam,  is  a  useful  reducing  agent ;  it  is  simply  diluted 
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sodium,     Xn  amalgam  is  an  alloy  of  wliich  mercury  is 
one  constituent. 

365.  Sodium  Hydroxide.  —  Sodium  hydroxide,  or 
cauHtic  soda,  is  fonned  when  sodium  or  either  of  its 
oxides  act«  upon  water.  Two  of  the  commercial  methods 
of  preparing  the  hydroxide  are  as  follows  :  — 

(1)  lioiling  a  solution  of  sodium  carbo7iate  with  slaked 
lime  (calcium  hydroxide). 

XiigCOg  +  Ca(0II)2 »  2  NaOH  +  CaCO^. 

Tlie  calcium  carbonate,  being  insoluble,  is  precipi- 
tated. Tlie  sodium  hydroxide  solution  is  di-awn  off 
and  evaporated. 

(2)  ^Electrolysis  of  a  concentrated  solution  of  sodium 
cJdoride. 

2  XaCl  +  2  IIoO »  2  NaOH  +  H^  +  Clg. 

The  sodium  hydroxide  and  hydrogen  collect  at  the 
—  electrode. 

Sodium  hydroxide  is  a  white,  deliquescent  solid,  very 
solul)le  in  water.  Both  the  solid  and  its  solution  absorb 
carbon  dioxide  readily.  The  solution  has  a  soapy  feel- 
ing, and  turns  red  litmus  blue. 

366.  Soap.  —  Sodium  hydroxide  is  one  of  the  strong- 
est and  most  useful  bases.  When  fats  ai-e  boiled  witli 
it  they  are  saponified^  i.  e.,  converted  into  soap.  The  fats 
are  Q\i\GQ.j  glyceryl  salts  of  organic  acids.  They  are  decom- 
posed by  sodium  hydroxide  into  glycerine  and  the  organic 
acid.     The  sodium  salt  of  the  organic  acid  is  soap. 
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—  O  —  CO  —  Ci^Hgg  HONa 

Bl  J3ll,:^0  — CO  — Ci,H35    +    HONa  ^ 

^O  — CO  — Ci^Hgg  HONa 

glyceryl  stearate  sodium  hydroxide 

/Oil 
CgHg  —  on  +  8  XaO.  CO.  Ci^Hac. 

glycerine       sodium  stedvdie 

(soap) 

0^    The  sodium  stearate  formed  is  **  salted  out"  of  solution  by 
jdding  sodium  chloride. 

I         When  soap  is  dissolved  in  water  it  is  partly  hydrolyzed  (  cf, 

354)  into  sodium  hydroxide  and  the  organic  acid  ;  the  sodium 

hydroxide  is  the  cleansing  agent.     Wlien  soap  is  i)ut  into  hftrd 

water,  an  insoluble  scum  is  formed  ;  this  is  the  calciiun  salt  of 

the  organic  acid. 


'O' 


367.  Sodium  Carbonate.  —  Sodium  carbonate,  or  sorfa, 
is  one  of  the  most  important  chemicals  manufactured. 
The  principal  methods  of  making  it  are  the  Solvay,  or 
Ammonia,  Process  and  the  Le  Blanc  Process.  The 
f?econd  of  these  is  the  more  interesting  historically,  be- 
cause it  was  devised  by  Le  Blanc  for  the  French  gov- 
ernment during  the  Revolution,  wlien  the  supply  was 
cut  off;  but  the  ammonia  process  is  so  nnich  cheaper 
tliat  fully  three-fourths  of  the  soda  used  is  now  made 
in  this  way.     Both  processes  begin  with  common  salt. 

The  Solvay  Process  consists  essentially  in  treating  sodlurn 
chloride  with  ammonium  hydrogen  carhonate,  NIT4TrC'03. 

NaCl  +  NH4HCO3 »  XIT4CI  +  NallCO^. 

This  reaction  takes  place  because  sodium  hydrogen  carbonate 


f' 
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(^s»»*7/m/»4  hl^arh^nate)  is  not  very  soluble  in  water  and  is,  there- 
for*-,  r^iniily  precipitated  when  ammonium  hydrogen  carbonate 
[<  :uMe«l  to  concentrated  salt  solution.  The  solution  of 
amnnuuuiu  hy(ln>gen  carbonate  is  formed  by  passing  carbon 
«rmxi«le  under  pressure  into  a  saturated  solution  of  ammonia 

Nn,(   >II    +    IIXO3  »    XH4HCO3    +    HgO. 

iJvurle  ht-atiui;  converts  the  bicarbonate  into  carbonate. 
•J  XuIK'(  >3  =  XtVgCOj  +  ILO  +  COg. 

The  carbon  dioxide  thus  set  free  is  used  again ;  and  nearly 
all  thr  ainmoiiia  is  recovered  by  heating  the  brine,  from  which 
th^'  hicarhonatf  h;is  crystallized,  with  slaked  lime  (rf.  §  142). 

The  Le  Blanc  Process  consists  of  essentially  three  opera- 
tituis  :  — 

(^l)  The  conversion  of  common  salt  into  sodium  sulphate  Q-f. 

•2  XaCl  +  ILSO^ »  XaoSO^  +  2  HCl. 

(J)  The  reductiini  of  siHlium  sulphate  to  sodium  sulphide; 

XiVoSO,  +  40 »  Xa.S  +  4  CO. 

Q\)  The  conversion  of  sodium  sulphide  into  the  carbonate; 
Xa,S  4-  C'aCOg »  XaaCOg  +  CaS. 

The  second  and  third  operations  take  place  together,  sodium 
sulphate  being  mixed  with  limestone  and  coal-dust  and  the 
mixture  heated.  The  sodium  carbonate  cannot  readily  be  sepa- 
rated from  calcium  sulphide  because  both  are  soluble.  If  lime- 
stone is  present  in  excess^  however,  some  of  it  is  dissociated 
into  qui(Mime  (CaO)  and  carbon  dioxide  ;  the  quicklime  and 
the  calcium  sulphide  form  an  insoluble  compound. 

Soda  conies  into  the  market  as  calcined  soda,  or  soda- 
ash,  contiiiiiing  no  crystal-water,  and  as  crystulUzed  soda. 
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or  sal  sodacy  NagCOg.  10  HgO.  Soda  is  used  in  great 
quantities  in  the  manufacture  of  glass  Qf.  §  842)  and 
of  sodium  hydroxide  (§  365). 

368.  Sodium  Bicarbonate.  —  Sodium  bicarl)onate  is 
prepared  by  treating  the  normal  salt  with  carbonic  acid 
((?/*.  §  210).  The  equation  for  its  decomposition  by 
heat  is  given  in  §  367.  It  is  used  in  large  amounts  for 
baking  powders,  effervescing  mixtures,  "soda-water,"  and 
medicine. 

369.  Sodium  Phosphate.  —  The  common  phosphate 
of  sodium  is  disodium  hydrogen  phosphate^  NagHPO^. 
12  HgO  ;  it  is  formed  by  adding  sodium  carbonate  to 
phosphoric  acid  until  the  solution  is  slightly  alkalhie. 

Phosphoric  acid  is  tnbasic  (cf.  §  304)  and  its  msolahle  salts 
are  usivally  normal^  e.  g.,  LigPO^,  Ca;j(P04)2,  AggPO^ ;  l)iit  its 
normal  sodium  salt  (Na3P04)  is  so  readily  hydrolyzed  (cf.  §  354) 
that  it  absorbs  carbonic  acid  from  the  air. 

2  N^agPO^  4-  HgCOg »  2  NagHPO^  +  :^iifiOs. 

370.  Sodium  Chloride.  —  Sodium  chloride,  or  com- 
mon salt,  occurs  widely  distributed.  It  makes  up  about 
3^  of  sea-water,  and  is  found  in  large  deposits  in  Gali- 
cia  (Austria),  Germany,  England,  the  United  States, 
etc.  In  some  places  salt  is  mined  as  rock-saJt,  while  in 
others  the  mixture  of  salt  and  earth  is  treated  with  water, 
the  resulting  brine  being  pumped  to  the  surface  and 
then  evaporated.  At  Manistee,  Mich.,  the  brine  is  con- 
centrated and  the  salt  continuously  separated  in  a 
**  vacuum  "  boiler. 
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'^^r.iTni  t'hl«»ri«U*  cnn^tallizes  in  coloriess,  transparent  c»</>€s^ 
whiih  -^r'-r^iMOite  v'/.  §  ^»  when  heateti.  It  is  only  a  little 
Qiir-  <«"Lii;>l'f  ia  hi.^t  than  in  aAd  water  (*/.  §  50). 

'^;ilr  •>  aece:4*arv  tty  the  Life  of  man  and  other  animals,  the 
hy'iriM-hl'^rLo  aft.*iil  i>f  the  gastric  juice  being  derived  from  it 
I  •-".  ^  '.•*•'.  Ir  L*  use^I  in  enormous  quantities,  not  only  as  food. 
bur  Lis  :he  .*ritrrin'j  tmUerinl  in  the  preparation  of  most  com- 
p«Hi:i«i*  '^L  ;^y.Hf*^ii  and  of  chhrine. 


71.  Sodium  ITitiate.  —  Sodiam  nitrate,  or  CJnle 
ib'**(vr. »-.  .^ivuni  ill  enonnoos  qnantities  in  the  Ataeama 
IV>er:»  in  Cbiie  \  -/.  §  1^33).  It  is  very  deliquescent, 
LiTid  >. •  ouiiri't  l»e  iL<eJ  i**T  gunp3wder,  etc.  It  is  con- 
ver:<:«l  i:i:o  t"*'*^/'*//*  nitrate*  which  is  not  deliquescent 
\  ■'.  $  I'U  ',  ;iii*l  iiu»>  nitric  acid  ('/I  §  155).  Sodium 
:i;:r.i:e  ;>  ;il>«>  a  constituent  of  artiticial  fertilizers.  Tlie 
onuU^  :>;il:  i>  mi  iiujK>rtant  source  of  iodine  (t/l  §  273). 

373.  Other  Sodium  Salts.  —  Sodium  9ttlpJMtej  or 
''GI:uilvr*>  Sal:/*  N;yjSO^.  10  H,0.  is  made  from  com- 
mon Siilt  aiul  sulphiirio  acid  (rt\  §  92).  It  is  made,  also, 
from  "M;'/f\*4Vi/'i  ;^uuhKtte  and  salt. 

Mj:>0,  -^  ^  XaCl »  Xa^SO^  +  MgCV 

Th:<  <iut  i<  very  <r^.» '•!:•.<•  y/* J  (•/.  §  53)  :  its  principal  use  is  as 
a  substitute  for  so^ia  in  the  manufacture  of  glass. 

SxiiutH  thi'.mdphate^  Na^S^Og.  5  HjO,  has  been  de- 
scril^  in  §  11)4 :  and  ^xlium    Mrahorafe  (borax)    in 

Sodium  salts  color  the  Bunsen  flame  Imght  yellow. 
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373.  Potassium.  —  The  element  potassium  is  a  con- 
stituent of  m^ny  minerals ;  among  these  are  feldspar^  a 
double  silicate  of  potassium  and  aluminum;  sylvite^ 
practically  pure  potassium  cliloride;  potash  alum;  and 
saltpeter. 

Potassium  is  present  in  all  soils  ;  it  doubtless  comes  from 
the  disiutegration  of  feldspar  and  other  rocks.  Plants  take 
up  potassium  compounds;  hence  the  element  is  found  (as  the 
carbonate,  potash)  in  plant  ashes.  When  the  ashes  are  ex- 
tracted with  water,  potassium  carbonate  dissolves. 

Potassium  is  made  by  the  electrolysis  of  potassium 
cyanide^  hydroxide^  or  cliloride.  It  is  a  soft  metal  like 
sodium,  but  has  a  slightly  bluish  luster.  It  decom2)oses 
water,  giving  the  hydroxide  and  hydrogen.  The  energy 
evolved  in  the  reaction  is  so  great  that  the  escaping  gas 
is  set  on  fire. 

The  vapors  of  potassium  and  of  all  potassium  salts 
color  the  flame  violet.  Potassium,  like  sodium,  must  be 
kept  under  kerosene  or  ligroin  to  protect  it  from  moist 
air. 

374.  Potassium  Hydroxide.  —  Potassium  hydroxide, 
or  caustic  potash^  is  made  bj^"  the  action  of  the  electric 
current  upon  a  concentrated  solution  of  potassium  chlor- 
ide (cf  §  365). 

2  KCl  +  2  H2O »  2  KOII  +  II2  +  CI2. 

It  may  also  be  made  from  potassium  carbonate  and 
**  milk  of  lime,"  i.  e.,  calcium  hydroxide. 
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KjCOg  4-  Ca(0H)2 »  2  KOH  +  CaCO^. 

Potassium  hydroxide  is  a  white,  deliqViescent  solid 
It  is  a  powerful  biuse.  It  .absorbs  carbon  dioxide  from 
the  air,  iovmiw^  potassium  earhanate. 

375.  Potassium  Carbonate,  or  Potash.  —  Much  potas- 
sium carl)onato  is  prepared  by  the  Le  Blanc  and  Solvay  processes 

from  i)<)tassiiini  chloride  (cf.  §  307).  The  crude  substance  is 
o])taine(l  from  wood-ashes.  Anhydrous  potassium  carbonate  is 
a  powerful  dehydratiiKj  atjent  {cf,  §  53). 

Potiish  is  used  chiefly  in  making  the  hydroxide  and  hard 
glass  (rf.  §  342). 

• 

376.  Potassium  Nitrate.  —  Potassium  nitrate  (called, 
also,  saltpeter  and  7iitre)  has  already  been  described 
((?/.  §§  lt)3  to  105).  Most  of  that  in  use  is  made  from 
sodium  nitrate  and  potassium  chloride^  both  of  which  are 
found  in  large  deposits.  The  equation  is  given  in 
§164. 

377.  Potassium  Chlorate.  —  Potassium  chlorate  re- 
sults when  (dilorine  is  passed  into  a  hot,  concentrated 
solution  of  potiissium  hydroxide  until  the  solution  is 
saturated  Qf.  §  281). 

0  KOH  +  3  rio »  o  KCl  +  KClOg  +  3  HgO. 

A  cheaiier  way  is  to  pass  the  chlorine  into  hot  "  milk  of 
lime"  ;  caJciiun  chlorate,  Ca(C103)2,  is  formed.  This  with  7>o- 
tassiiun  chloride  given  potassium  chlorate  and  calcium  chloride. 

Ca(C103)o  +  2  KCl »  2  KCIO^  +  CaClg. 
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Potassium  chlorate,  being  much  less  soluble  in  cold  water  than 
the  other  substances,  crystallizes  out,  leaving  the  others  in 
solution. 

Like  the  nitrate,  potassium  chlorate  is  valuable  chiefly 
as  an  oxidizing  agent.  It  is  used  in  preparing  oxygen, 
explosive  mixtures,  e.  g.,  smokeless  powder,  matches,  and 
fireworks.  It  is  sold  by  druggists  as  "  potiish  "  for  sore 
throats. 

378.  Potassium  Bromide  (KBr)  and  Potassium 
Iodide  (KI).  —  Potassium  bromide  and  potassium  iodide 
may  be  prepared  by  the  action  of  hronmie  and  iodine,  le- 
spectively,  upon  potassium  liydroxide.  The  equations 
are  analogous  to  the  one  for  the  action  of  cldorine 
upon  caustic  potash. 

6  KOn  +  6  Br »  5  KBr  +  KBrOg  +  3  IToO. 

6KOn-f-6I ^SKI  +  TaOg  +  SIIgO. 

By  evaporating  the  solution  containing  bromide  and 
bromate,  or  iodide  and  iodate,  to  dryness,  and  then  heat- 
ing the  residue  sufficiently,  we  can  decompose  tlie  broni- 
ate  and   tlie   iodate   just   as  we  can  the   clilorate   (r/1 

2  KBrOg  =  2  KBr  +  3  Og. 
2K103  =  2KI  +  3  02. 

Potassium  bromide  and  iodide  are  made,  also,  by  treating  the 
bromide  and  the  iodide  of  iron  with  potassium  carbonate. 

FegBrg  +  4  KgCOg »  '^%0^  +  8  KBr  +  4  COg. 

Feglg  4-  4  KaCOg »  Fe^O^  +  8  KI  +  4  COg. 
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Tlie  iron  compounds  are  formed  by  adding  bromine  and 
iodine,  respectively,  to  moist  iron  turnings. 

379.  Ammoniuiii.  —  The  formation,  of  ammonium 
salts  by  neutralizing  acids  with  ammonium  hydroxide 
lias  already  been  described  (^cf.  §  148).  The  radical 
NH^  has  not  been  isolated  because  it  decomposes  into 
ammonia  and  hydrogen.  One  of  the  many  arguments 
ior  its  existence  is  the  formation  of  ammonium  amalgam 
by  the  action  of  a  strong  solution  of  ammonium  chloride 
upon  sodium  amalgam  (jf,  §  364). 

Na,  Ilg  +  NTI.Cl »  NH,,  Hg  +  NaCl. 

sodium  ammonium 

amalgam  amalgam 

Ammonium  amalgam  is  a  bulky,  metallic  mass  re- 
sembling sodium  amalgam.  It  decomposes  i*eadily  into 
ammonia,  hydrogen,  and  mercury. 

380.  Exercises. 

1.  Why  does  the  electrolysis  of  an  aqueous  solution  of 
sodium  chloride  give  sodium  hydroxide  and  hydrogen  at  the 
—  electrode  (c/.  §  365)  ? 

2.  Write  the  equations  showing  how  potassium  carbonate  is 
made  by  the  Solvay  process  (c/.  §  375). 

3.  All  four  substances  given  in  the  equation  in  §  372  are 
soluble.  Explain  under  what  conditions  the  reaction  can  take 
place. 

4.  Describe  the  preparation  of  ammonium  chloride,  nitrate, 
and  sulphate,  giving  equations.  How  does  ammonium  nitrate 
behave  when  heated  ?    Ammonium  chloride  ? 
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5.  What  is  the  source  of  the  animonia  of  commerce? 

6.  How  do  you  explam  the  fact  that  sodium  bicarbonate 
solutiou  reacts  alkaline? 

7.  Which  of  the  following  gases  would  you  dry  with  solid 
caustic  potash  :  ammonia,  hydrogen  sulphide,  carbon  monoodde, 
carbon  dioxide,  oxygen? 


CHAPTER   XXV. 
THE  ALKALINE-EARTH  METALS. 

381.  The  Group.  —  The  "alkaline-earth  "  metals  ai"e 
s<i  called  Ijecause  they  foiin  the  transition  from  the 
alkalies  to  the  "earth"  metals,  such  as  aluminum.  In 
this  ehai)ter  we  shall  consider  glucinum  (or  beryllium), 
mar/Hesium,  calcium,  strontium^  and  barium.  The  most 
important  is  calcium. 

382.  Calcium  (Atomic  Mass,  40). — Calcium  does  not 
occur  free  ;  but  its  compounds  are  found  in  large  quan- 
tities. Tlie  most  abundant  is  the  carbonate,  CaCOg ; 
this  ocelli's  as  limestone,  marble,  chalk,  calc-spar,  and  coral. 
The  sulphate,  CaSO^,  the  phosphate,  Ca3(PO^)2,  and  the 
fluoride,  CaFl.^,  are  also.unportant  minerals. 

The  niotal  is  obtained  by  heating  calcium  oxide  with  carbon 
in  a  stream  of  h3'drogen  in  an  electric  furnace.  It  is  a  silvery 
solid.     It  decomposes  water  like  sodium  and  potassium. 

383.  Calcitim  Oxide  (CaO).  —  Calcium  oxide  is 
familiar  to  all  as  lime,  or  quicklime.  It  is  made  by  heat- 
ing calcium  carbonate  in  large  furnaces  called  lime-kilns. 

GaCOg  =  CaO  +  COg. 

Lime  is  a  white,  amorphous  solid,  fusible  only  at  the  tern* 
perature   of  the  electric  furnace.     For  its  use  in  the  Drum- 
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mond,  or  lime,  light  see  §  11.  It  absorbs  water  and  carbon 
dioxide  from  the  air,  forming  air-slaked  lime,  which  consists 
of  the  carbonate  and  hydroxide.  Lime  is  thus  a  good  agent 
for  removing  water  and  carbon  dioxide  from  gases  (t/.  §  22.-{). 

When  lime  is  treated  with  a  suitable  quantity  of 
water,  the  two  unite  to  form  a  soft,  dry  powder.  Tlie 
operation  is  called  "  slaking  " ;  and  the  product,  calcium 
hydroxide^  is  called  "  slaked  lime." 

CaO  +  HgO  =  Ca(OH)2. 

So  much  heat  is  evolved  when  water  and  lime  unite, 
that  lime  improperly  protected  from  water  lias  been  the 
cause  of  many  fires. 

384.  Calcium  Hydroxide  Ca(0H)2.  —  Calcium  hy- 
droxide is  not  very  soluble,  less  than  l^/^  parts  dis- 
solving in  1,000  of  water.  The  solution  is  lime-^vater ; 
its  uses  have  been  considered  in  §§  99  and  209.  If 
more  of  the  hydroxide  is  present  then  the  water  Avill 

dissolve,  the  liquid  appears  milky  ("  milk  of  lime  " ;  ef. 
§§  374  and  377). 

Uses. — Calcium  hydroxide  is  generally  prepared  from  the 
oxide  just  before  using.  It  is  used  to  prepare  ammonin  (of.  § 
142),  the  hydroxides  of  sodium  and  potassium  (cf.  §§  365  and 
374),  hleaching  powder  (cf.  §§  88  and  279),  chlorates  (cf.  §  877), 
glass,  mortar,  and  cements  (cf.  §  380) ;  to  purify  sugar  and  illumi- 
nating gas  (cf.  §  223)  :  to  remove  hair  from  hides  ;  to  extract 
metals  from  their  ores  ;  as  a  disinfectant  and  ivhUe-wash,  and 
in  maMng  stearin  candles. 
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385.  Calcium  Chloride  (CaClg). — Calcium  chloride 
is  usually  luade  from  calcium  carbonate  and  hydrochloric 
acid  i^cf.  §  203).  The  anhydrous  substance  (made  by 
lieating  at  200°  C.)  is  very  deliquescent^  and  dissolves 
in  water  with  evolution  of  heat.  It  is  used  as  a  drying 
ayent  Qf.  §  53). 

The  crystallized  chloride,  CaCl^.  6  HgO,  absorbs  heat  when 
(lissolviiiiT  ill  water  (</.  §  57),  and  when  mixed  with  ice  or  snow 
may  produce  a  temperature  of  —  40°  C.  A  concentrated  solu- 
tion of  calcium  cliloride  freezes  so  much  lower  than  one  of 
soilium  chloride  that  it  is  often  used  instead  of  brine  as  the 
cold  bath  iu  ice  factories  (cf,  §  146). 

386.  Calcium  Carbonate  (CaCOg).  —  As  already 
stilted  (cf.  §  211)  calcium  carbonate  occurs  in  many 
forms  and  widely  distributed.  Limestone^  chalky  calcite^ 
and  marble  ai-e  found  in  large  masses.  Aro/yonite  crystal- 
lizes in  a  foi-m  different  from  that  of  the  other  varieties, 
but  has  the  same  composition. 

Limestone,  the  most  abundant  form  of  calcium  carbonate,  is 
^ray,  and  often  contains  small  crystals,  but  is  always  mixed 
with  clay  and  other  impurities.  Limestone  containing  much 
clay  is  marl.  Marl  is  used  in  making  cement.  Limestone  is 
used  as  2iflnx  (of.  §  266)  in  smelting  iron,  as  a  source  of  lime^ 
and  as  building-stone.  Chalk  is  used  for  making  lime.  Car- 
penters use  it  for  markiny.  Marble  is  used  for  building 
purposes,  as  a  source  of  lime,  etc. 

387.  Calcium  Sulphate  (CaS04) .  —  Calcium  sulphate 
occurs  principally  as  yyps^tm^  CaSO^.  2  HgO.  Alabaster 
is  a  granular  form  of  gypsum. 
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When  gypsum  is  heated  to  120*"  to  ISO**  C.  it  loses 
about  three-fourths  of  its  crystal-water,  and  foims  the 
white  powder  known  as  Plaster  of  Paris. 

2  CaSO^CHjO),  =  (CaSO JgHjO  +  3  H^O. 
gypsum  plaster  of 

Paris 

When  this  powder  is  mixed  with  enougli  water  to  fonn 
a  paste  it  expands,  and  hardens  to  a  mass  with  a  smooth 
surface.  Because  of  these  properties  plaster  of  Paris  is 
used  to  make  casts^  as  a  wall  finish,  and  as  a  cement. 
The  union  of  the  powder  wdth  water  produces  the  crys- 
talline compound. 

(CaSOJaHgO  +  3  HgO  =  2  CaS04(Il20)2. 

Calcium  sulphate  is  slightly  soluble  in  water  ;  water  contain- 
ing it  is  permanently  hard  (cf.  §  43).  When  a  soluble  carbonate 
is  added  to  a  solution  of  calcium  sulphate,  calcium  carbonate  is 
precipitated. 

CaS04+  KaaCOg »  CaCO^  +  NagSO^. 

Hence  the  " softening"  of  hard  water  by  means  of  soda. 

388.  Calcium  Phosphate,  Ca3(P04)2.  —  Normal  cal- 
cium phosphate  occurs  as  phosphorite;  combined  with 
calcium  chloride  or  fluoride  it  forms  apatite.  Important 
deposits  of  these  minerals  are  found  in  Florida  and 
South  Carolina.  Calcium  phosphate  is  the  chief  inor- 
ganic constituent  of  bones  (^cf.  §  292).  Being  insoluble, 
normal  calcium  phosphate  is  converted  into  the  primary 
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pliospliate,  Ca(H2PO^)2,  for  use  as  a  fertilizer  (^cf, 
§  307).  The  priinaiy  jJiosphate  is  commonly  kuown 
as  *'  soluble  phosphate " ;  the  mixture  of  the  primary 
phi>sphate  and  calcium  sulphate  is  called  "super- 
phosphate." 

Phosphates  Necessary  for  Plants. — To  be  fertile,  soil  must 
I  (Uitiiin  calehiin  phosphate,  an  essential  plant  food.  When  the 
crops  are  removed,  part  of  the  phosphate  of  that  region  goes  with 
them  ;  hence,  phosphate  must  be  returned  to  tlie  soil  if  the 
land  is  to  yield  gootl  harvests.  If  the  crops  are  used  as  food 
for  animals,  part  of  the  phosphate  returns  to  the  soil  in 
manure  ;  if  not,  other  fertilizers  must  be  used.  Nature  usually 
keeps  a  soil  fertile  l>v  means  of  decaying  vegetation,  which 
forms  with  the  soil  *^  vegetable  mould." 

Fertilizers.  —  A  voiH2)let€  fertilizer  supplies  potassium,  nitro- 
(jcn^  and  phosphorus.  Most  fertilizers,  however,  contain  only 
one  or  two  of  tliese  essentials. 

Potassium  is  usually  returned  to  the  soil  as  the  sulphate  or 
vurhonate  (wood-ashes  ;  (/.  §  37vi)  ;  sometimes  as  chloride, 

^Itroi/en  is  frequently  supplied  as  ammonium  salts,  or  as 
uitrateSy  especially  sodium  nitrate  ((/.  §  371).  Nitrogen  is  also 
contained  in  guiuw. 

Phosphorus  is  contained  in  fertiUzers  chiefly  as  "  soluble 
phosphate,''  which  is  obtained  by  treating  phosphate  rocks  or 
bone-ash  with  sulphuric  acid. 

The  dry  residue  left  after  the  waste  ^yroducts  of  slaughter- 
houses, c.  </.,  tainted  meat,  bones,  hoofs,  etc.,  are  deprived  of 
fat,  oil,  and  gelatine,  makes  a  good  fertihzer.  The  fat  is  used 
as  soap-stock. 

389.  Mortar  and  Cement.  —  When  a  thick  paste  of 
slaked  lime  and  water  is  exposed  to  the  air  it  graduallj^ 
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"  sets,"  t.  «.,  becomes  dry  and  hard.  The  chemical  ac- 
tion that  takes  place  consists  in  the  escape  u£  water  and 
the  absorption  of  carbon  dioxide  from  the  air, 

Ca(0n)2  +  H^CO,  (I.  e.,  H^O  +  CO.) »  CaC  CX  -}-  2  II,0. 

During  the  "  setting  "  the  mass  contracts.  In  the  mak- 
ing of  mortar  and  cements  tliis  contraction  is  overcome 
by  the  use  of  sand.  Sand  jdso  makes  the  mortar  moi-e 
porous^  so  that  carbon  dioxide  can  penetrate  farther  and 
moisture  escape  more  easily,  Fresldy  plastered  walls 
remain  moist  for  some  time  because  of  the  slow  lil)era- 
tion  of  water  by  carbon  dioxide.  The  complete  change 
requires  a  long  time. 

"When  limestone^  magnesium  carbonate,  and  clay  (aluminum 
silicate,  cf.  §  341)  are  heated  together,  there  is  foniied  a  cement 
which  slakes  slowly  and  without  much  heat  evolution  ;  tliis 
cement  has  the  valuable  property  of  hanlenimj  under  water. 
It  is  known  a^  hydraulic  cement. 

Blast-furnace  slwj  (cf,  §  430)  and  some  anlnjilrous  silicates 
form  with  lime  a  similar  cement. 

Portland  Cement  is  made  by  heating  to  a  ver}-  high  tempera- 
ture an  artificial  mixture  of  calcium  carbonate  and  clay. 

390.  Other  Calcium  Compounds.  —  Bleaching  pow- 
der, CaOClg,  has  already  been  described  in  §§88  and 
279.  It  was  formerly  supposed  to  be  a  mixture  of  cal- 
cium hypochloritey  Ca(0Cl)2,  and  calcium  cliloride^  CaCl2. 
Such  a  mixture  would  have  the  same  quantitative  com- 
position as  bleaching  powder,  and  would  give  the  same 
io7i%  in  solution. 
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Baiium  salts  impart  a  green  color  to  the  Bunsen  flame,  and 
are  poisonous.  The  nitrate^  ^2l(S0^^^  is  used  in  making  green 
lights,  fireworks,  etc.  The  chloride,  BaCU.  2  IIjO,  is  a  white, 
crystalline  solid.  With  a  solution  of  a  sulphate  it  forms  the 
very  insoluble  barium  sulphate,  BaSO^,  and  thus  serves  as  a 
test  for  SO^  ims  (of.  §  189). 

Stro7itium  salts  impart  a  red  color  to  the  flame.  The 
nitrate,  Sr(N03)2,  is  used  in  pyrotechny  for  producing 
red  lights.  The  hydroxide  is  used  in  refining  beet- 
sugar. 

392.  Magnesium. — Magnesium  occurs  as  the  chlor- 
ide, carbonate,  and  silicate.  The  metal  is  prepared  by 
the  electrolysis  of  tlie  double  chloride  of  magnesium 
and  potassium.  This  occurs  as  the  mineral  camallite, 
MgCV  KCl.  6  H2O. 

Magnesium  is  a  silvery,  white  metal  with  a  high  luster. 
It  is  light  (S.G.  1.74),  and  oxidizes  slowly  in  ordinary 
air.  When  heated  in  oxygen  it  burns  with  a  bright 
flame,  forming  nfuignesium  oxide,  MgO  {cf.  §  23)  ;  in  air 
it  burns  to  the  oxide  and  the  nitride,  MggNg  Qcf,  §  115). 
The  metal  does  not  decompose  water  at  oixiinary  tem- 
peratures; it  differs  in  this  respect  from  calcium,  stron- 
tium, and  barium,  and  from  the  alkali  metals. 

Magnesium  powder  is  used  for  flash-lights  and  in  fire- 
works. 

393.  Magnesium  Compounds.  —  Magnesium  oxide 
(magnesia)  is  formed  when  magnesium  burns  and  when 
the  carbonate  and  hydroxide  are  heated.     It  is  very  re- 
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fraetory^  i.  e.,  hard  to  melt,  and   is  used  for  making 
crucibles^  cupels^  etc. 

3Ia(/nesium  chloride  forms  deliquescent  crystals 
(MgOLj.  0  HgO).  When  its  solution  is  evaporated  to 
dryness,  hydrochloric  acid  escapes.  The  residue  con- 
sists chiefly  of  the  oride, 

MgClg  +  IIoO »  MgO  +  2  Ha. 

MayneBium  sulphate,  MgSO^,  is  called  "  Epsom  salts." 
It  is  found  in  many  springs  and  in  the  mineral  Meserite, 
MgSO^.  H2O.  Kieserite  changes  in  contact  with  water 
to  the  salt  MgSO^.T  HgO,  which  is  the  magnesium  sul- 
phate of  commerce. 

Miujnesium  varhonate,  MgCOg,  occurs  as  the  mineral 
mag ne site,  and,  combined  with  calcium  carbonate,  in 
dolomite. 

The  nonncd  carbonate  is  not  precipitated  by  alkaline  carbon- 
ates, owing  to  the  ease  with  which  it  is  hydrolyzed  (of.  §  354) ; 
the  precipitate  consists  of  a  basic  carbonate.  At  the  same 
time  carbonic  acid  is  set  free. 

^Ig<^l2  +  ^a^COg »  MgCOg  +  2  NaCl. 

M gCOg  +  2  ir.O »  Mg(0H)2  +  H2CO3. 

The  basic  carbonate  is  a  mixture  of  the  carbonate  and  tbe 
hydroxide. 

Asbestos  is  a  mixture  of  calcium  and  magnesium 
silicates. 

394.  Glucinum  or  Beryllium  (Atomic  Mass,  9.08.)  — 

Glucinum   (Gl)   is   a  rare,  white   metal,   resembling  magnea- 
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ium.     Its  compounds  have  a  sweetish  taste  ;  hence  the  name 
(jluciimm  (cf,  glucose,  glycerine,  etc.). 

395.  The  Group  a  "  Natural  Family.**  —  The  mem- 
bers  of  the  calcium  group,  like  the  alkali  metals,  form 
a  natural  family  of  elements.  Tliis  will  be  apparent 
from  a  comparison  of  some  of  the  properties  as  given 
in  the  following  table.  Magnesium  really  forms  with 
glucinum,  zinc,  cadmium,  and  mercury  a  separate  divi- 
sion ;  but  many  of  its  properties  ally  it  with  the  calcium 
group. 


Element. 

Magnesium 

Calcium. 

Strontium. 

Barium. 

Atomic  Mass. 

24 

40 

88 

137 

Specific  Gravity. 

1.7 

1.6 

2.5 

3.6 

Carbonate    Dissoci- 
ates ;  Tem  perature. 

300°  C. 

600°  C. 

1100°  C. 

1400°  C. 

Grams  of  Hydroxide 
Soluble  in  a  Liter 
OF  Water  at  15°  C. 

0.009 

1.32 

18 

50 

Heat  of  Formation 
OF  Chloride  ;  Units. 

151 

170 

185 

195 
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396.  Exercises. 

1.  The  temperature  at  which  strontium  and  barium  carbon- 
ates dissociate  being  very  high  (see  table),  suggest  how  to  get 
the  oxides  of  these  metals  more  easily  (cf.  §§  169  and  321). 
Write  Sk  possible  equation. 

2.  Why  do  carpenters  still  use  chalk  instead  of  crayon  for 
marking  ?    Crayon  consists  of  gypsum,  etc. 

3.  Magnesium  oxide  unites  with  water  much  less  readily  than 
calcium  oxide ;  how,  probably,  would  strontium  oxide  compare 
with  calcium  oxide  ?    With  barium  oxide  ? 

4.  Write  and  explain  the  ionic  equation  for  the  action  of  a 
solution  of  ammonium  carbonate,  (NHJgCO,,  upon  barium  chlor- 
ide solution. 

5.  How  many  grams  of  carbon  dioxide  can  be  obtained 
from  200  grams  of  pure  Iceland  spar  (c/.  §  211)?  How  many 
liters  at  20°  C.  and  740  mm.? 


CHAPTER   XXVL 

ZmC,  CADMinM,  AND  MERCURY. 

397.  The  Zinc  Group.  —  The  elements  zinc,  cadmium, 
and  mercury  are  members  of  the  second  group  of  the 
periodic  system.  They  are,  however,  much  more  closely 
related  to  magnesium  than  to  the  calcium  group  proper. 
Zinc  and  cadmium  are  very  much  alike,  and  are  usually 
found  together  in  nature ;  but  mercury  differs  from  them 
in  some  important  respects.  In  the  vapor  state  the  mole- 
cules of  all  three  contain  one  atom  each  (<?/*.  §  255). 

398.  Zinc  (Atomic  MasS|  65.4)  •  —  Zinc  generally 
occurs  in  combination  as  the  sulphide^  ZnS,  the  carbon- 
ate, ZnCOg,  and  the  silicate,  ZiigSiO^.  The  metallurgj 
of  zinc  is  simple.  Its  ores  are  generally  roasted  to  con- 
vei*t  them  into  oxide^  ZnO,  and  the  oxide  is  reduced  by 
charcoal. 

The  reduction  of  zinc  oxide  takes  place  in  retorts  or  fur- 
naces; from  these  the  metal  distills  over  into  condensers.  At 
first  the  vapors  condense  as  a  powder  (zinc  dust) ;  afterwards 
the  metal  condenses  as  a  liquid,  and  is  cast  into  plates  and 
bars.  The  zinc  thus  obtained  (called  spelter)  is  not  pure. 
Pure  zinc  is  obtained  by  the  electrolysis  of  zinc  chloride. 

399.  Properties.  —  Zinc  is  a  white,  hard,  and  lustrous 
metal.     In  dry  air  it  does  not  change ;  but  ordii^arily  its 
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luster  is  soon  dulled  by  a  covering  of  basic  carbonate. 
At  the  ordinary  temperature,  zinc  is  brittle  ;  but  between 
100°  C.  and  150°  C.  it  can  be  rolled  into  sheets  and 
drawn  into  Avire.  At  higher  temperatures  it  is  so  brittle 
tliat  it  can  be  powdered. 

Zinc  melts  at  420°  C,  and  boils  at  about  1000°C. 
When  heated  much  above  the  melting-point,  it  burns 
to  zinc  oxide.  Water  does  not  affect  the  metal,  even  at 
100°  C.  Hot  solutions  of  alkaline  hydroxides  attack 
it,  forming  zincates  and  liydrogen  (<?f.  §§  48,  336,  and 
424). 

Zn  +  2  KOn »  K2Zn02  +  Hg. 

Commercial  zinc  reacts  readily  with  all  the  ordinary 
acids ;  but  the  pui-er  the  metal,  the  harder  it  is  for  acids 
to  act  upon  it. 

400.  Uses.  —  Zinc  is  used  for  the  positive  plates  of 
electiic  batteries  and  in  alloys,  e.  g,,  brass  (cf,  §  409), 
German  silver,  etc. 

Galvanized  iron  is  iron  coated  with  zinc  by  dipping  it 
into  a  bath  of  molten  zinc.  Galvanized  iron  resists  the 
action  of  air  and  moisture  better  than  tinned  iron.  It 
is  used  for  wire  netting,  corrugated  roofing,  gutters, 
water-tanks,  etc. 

401.  Zinc  Compounds.  —  Among  the  important  zinc 
compounds  are  the  oxide,  hydroxide,  chloride,  sulphAe^ 
and  sulphide. 

Zinc  oxide,  ZnO,  can  be  made  by  burning  zinc,  and  by  heating 
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the  carbonate  or  nitrate  (c/.  §§  169  and  321).  Wlien  hot  it  is 
yellow  ;  when  cold,  white.     It  is  sold  as  the  pigment,  zinc  white. 

Zinc  chloride,  ZnClg,  may  be  formed  by  treating  tlie  metal 
with  hydrochloric  acid  (cf.  §  9).  It  is  a  white,  deliquescent 
solid  that  fuses  readily  and  distills  without  decomposing.  It 
is  usually  cast  in  sticks. 

Zinc  sulphate,  ZnSO^,  is  formed  from  the  metal  and  dilute 
sulphuric  acid.  Large  quantities  are  made  by  roasting  the 
natural  fmlphide,  ZnS,  and  extracting  with  water. 

ZnS  +  2  O2  =  ZnSO^. 

From  water  the  sulphate  separates  as  transparent  crystals  of 
**  white  vitriol,"  ZnSO^.  7  II2O. 

Zinc  sulphide,  ZnS,  separates  as  a  ivhite  precipitate  when  an 
alkaline  sulphide  is  added  to  the  solution  of  a  zinc  salt. 

402.  Cadmium.  —  The  metal  cadmium  lias  the 
atomic  mass  112.3.  It  is  similar  to  zinc,  melts  at 
320°  C,  and  is  used  in  making  some  allot/s  (^cf.  §  323). 
The  sulphide^  CdS,  forms  a  l)eautiful,  yellow  pigment. 

403.  Mercury  (Atomic  Mass,  200).  —  Mercury,  or 
quicksilver,  occurs  native  in  some  of  its  ores ;  but  the 
principal  source  of  it  is  nnnabar,  HgS.  Cinnabar  is 
mined  chiefly  in  Spain  and  California ;  recently  deposits 
have  been  found  in  Texas.  Mercury  is  obtained  from 
its  ore  by  roasting.  The  sulphur  passes  off  as  sulphur 
dioxide ;  while  the  mercury  vapors  are  condensed. 

• 

404.  Properties  and  Uses.  —  Mercury  is  a  white, 
lustrous  liquid.  It  is  13.6  times  as  heavy  as  water; 
solidifies  at  — 39.6°  C;  and  boils  at  357°  C. 
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Mercury  does  not  react  with  hydrochloric  acid  noi 
with  cold  sulpliuric  acid.  Hot,  concentrated  sulphuric 
acid  attacks  it  (cf.  §  187) ;  so  does  nitric  acid.  If 
the  nitric  acid  is  dilute  and  cold^  and  the  mercury  is  in 
excess^  the  salt  formed  is  mercuro\xs  nitrate,  HgNOg ;  it 
the  concentrated  acid  is  used,  and  the  mercury  is  com- 
pletely used  up,  mercuric  nitrate,  Hg(N03)2,  ^®  formed. 
Both  nitmtes  are  white,  crystalline  solids. 

Mercury  vapor  is  very  poisonous. 

Mercury  is  used  in  extracting  gold  and  silver  from  their 
ores,  in  amalgamating  battery  zincs,  and  in  making  thermom- 
eters, barometers,  air-pumps,  etc. 

405.  Mercury  Compounds.  —  There  are  many  inter- 
esting mercury  compounds,  but  we  shall  consider  only 
the  oxides,  mercuric  and  ineixjurous,  the  chlorides,  and 
mercuric  sulphide. 

Mercuric  oxide,  HgO,  also  known  as  '*  red  precipitate,"  may 
be  made  by  long  heating  of  the  metal  almost  to  its  boiling  tem- 
perature in  contact  with  air.  It  is  usually  prepared  by  heating 
the  nitrate,  IIg(K03)2  (^/-  §  ^^1j  ^'*^  oxide),  Anisomeric  form 
(cf.  §  262)  is  yellow  in  color;  this  is  prepared  by  adding  an 
alkaline  hydroxide  solution  to  the  solution  of  a  mercuric  salt. 

2  NaOII  +  Hg(]Sr08)2 »  2  NaNOg  +  HgO  +  HjjO. 

The  effect  of  heat  upon  the  oxide  is  described  in  §  21. 

Mercurous  oxide,  HggO,  is  formed  when  an  alkali  is  added  to 
a  mercurons  salt. 

Mercurous  chloride,  HgCl,  is  known  as  calomel,  and  is  an  im- 
portant medicine.  It  is  precipitated  when  a  solution  of  a 
chloride  is  added  to  a  solution  of  a  mercurous  salt. 
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It  is  commonly  made  by  subliming  a  mixture  of  mercury  and 
mercuric  chloride, 

Hg+HgCl2  =  2HgCl. 

Mercuric  chloride,  HgClg,  is  commonly  called  corrosive  sublimate. 
It  is  made  by  subliming  a  mixture  of  mercuric  sulpJiate  and 
sodium  chloride. 

HgSO^  +  2  NaCl »  HgCLj  +  Na^SO^. 

Mercuric  chloride  is  a  white,  crystalline  solid;  it  is  easily 
soluble  in  water,  and  very  poisonous.  It  is  used  extensively 
in  surgery  (usually  one  part  in  1,000  parts  of  water)  because  of 
its  powerful  antiseptic  action. 

Mercuric  sulphide,  HgS,  occurs  as  cinnabar  (§  403),  a  red, 
crystalline  substance.  The  sulphide  may  be  made  by  rubbing 
together  msrcury  and  sulphur ^  and  by  passing  hydrogen  sulphide 
into  the  solution  of  a  mercuric  salt.  In  both  cases  the  mer- 
curic sulphide  will  be  black;  but  when  it  is  sublimed  it  yields 
red  crystals.  The  red  product  is  the  pigment,  "Chinese 
vermilion." 

Sodium  amalgam  was  mentioned  in  §§  364  and  379.  Tin 
amalgam  was  formerly  used  in  making  mirrors.  Zinc  amalgam 
is  formed  on  the  positive  plate  when  battery  zincs  are  '*  amal- 
gamated." Several  amalgams  have  been  used  for  soft  fillings 
by  dentists. 


CHAPTER   XXVII. 
COPPER,   SILVER,   AND  GOLD. 

406.  Relation  of  Copper,  etc.,  to  the  Alkali  Metals 
—  Copper,  silver,  and  gold  are  in  most  respects  differ- 
ent from  the  other  members  of  the  first  periodic  group, 
but  are  related  to  these  elements  —  the  alkali  metals  — 
much  as  zinc,  cadmium,  and  mercury  are  related  to  the 
calcium  group. 

They  are  not  changed  by  water  or  by  pure  air ;  hence 
they  occur  native  as  well  as  combined  with  other  ele- 
ments. Because  they  occur  native  all  three  have  been 
known  for  thousands  of  years,  wliile  none  of  the  alkali 
metals  was  known  until  1807. 

407.  Copper  (Atomic  Mass,  63.6).  —  Copper  is  abun- 
dant and  widely  distributed.  It  occurs  native^  espe- 
cially in  the  Lake  Superior  region,  and  in  combination 
as  ruby  copper^  CU2O ;  malachite^  CuCOg.  Cu(0H)2; 
chalcocitej  CugS;  and  copper  pyrites,  CugS.  FcgSg. 

Of  the  world's  supply  of  copper,  the  United  States  produces 
more  than  half  (253,870  long  tons  in  1899).  About  40%  of  this 
amount  came  from  Montana,  26%  from  Lake  Superior,  and  23% 
from  Arizona. 

Native  copper  is  obtained  by  crushing  the  ore,  washing  away 
lighter  particles,  and   smelting  and  refining  the  concentrated 
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"  mineral."  Lake  Superior  ore  has  from  0.75  of  1%  to  5%  of 
copper. 

The  Arizona  ore  consists  of  hydroxide  and  carbonate.  It  is 
smelted  with  coke  in  blast-furnaces,  and  often  yields  by  one 
fusion  a  96%  copper. 

Montana  ores  contain  sulphur  and  iron.  They  are  first  con- 
centrated by  crushing  and  washing,  and  then  roasted  to  remove 
most  of  the  sulphur.  ]N'ext  they  are  smelted  to  form  a  "  matte  " 
containing  50%  to  65%  of  copper,  besides  iron,  sulphur, 
arsenic,  etc.  ;  then  the  molten  matte  is  oxidized  in  a  ''  con- 
verter" (cf,  §  432,  Fig.  63)  by  a  blast  of  hot  air,  which  re- 
moves sulphur  and  arsenic.  Finally  the  product  is  cast  into 
thick  plates  called  '*  anodes,"  and  refined  l)y  electrolysis. 

408.  Properties.  —  Copper  has  a  red  color,  and  is 
ductile  and  malleable.  It  melts  at  about  1080°  C, 
while  silver  melts  at  954°  C.  and  gold  at  1060°  C. 
Copper  is  the  best  conductor  of  electricity  known,  ex- 
cept silver  ;  iron  is  the  only  metal  having  greater  tensile 
strength.     The  specific  gravity  of  copper  is  8.9. 

In  the  atmosphere  copper  becomes  coated  with  the 
basic  carbonate  (cf.  malachite,  §  407).  The  action  of 
nitric  acid  and  sulphuric  acid  upon  copper  lias  been 
discussed  in  §§  159  and  187,  respectively.  Hydrocliloiic 
acid  has  practically  no  action  upon  it.  Copper  may  be 
separated  from  solutions  of  its  salts  by  zincy  iron,  etc., 
and  by  electrolysis. 

409.  Uses.  — Copper  is  used  as  an  electric  conductor, 
as  ships'  sheathing  and  bolts,  and  for  electrical  apparatus, 
utensils,  coins,  boilera,  stills,  etc.     It  is  used,  also,  in 
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copper-plating  and  electrotyping^  and  as  a  part  of  manj 
alloys. 

Brass  usually  contains  28%  to  34%  zinc  and  the  remaindei 
copper. 

Bronze  contains  copper,  zinc,  and  tin. 

Gun-metal  is  about  90%  copper  and  10%  tin. 

Bell-metal  consists  of  copper ,  about  75%,  and  tin,  25%. 

German  silver  is,  approximately,  50%  copper,  30%  zinc,  and 
20%  nickel. 

Aluminum  bronze  is  copper  with  5%  to  10%  of  aluminum.  It 
has  the  color  of  gold,  is  hard  and  elastic,  and  does  not  tar- 
nish easily.  Aluminum  containing  3%  of  copper  is  whiter  than 
pure  aluminum. 

410.  Copper  Compounds. — Copper,  like  mercury, 
iron,  etc.,  forms  two  series  of  compounds :  cuprous  and 
cupric  compounds  (jrf.  §§  78  and  107).     Examples  are: 

Cuprous  chloride,  CuCl  or  CU2CI2.      Cupric  chloride,  CuClj. 
Cuprous  oxide,  CugO.  Cupric  oodde,  CuO. 

Cuprous  suljyhide,  ChigS.  Cupric  s^dphide,' Cw^- 

In  the  cupric  compounds  copper  is  evidently  hivalenU  I^ 
copper  is  bivalent  in  the  cuprous  compounds  of  the  halogens, 
e.  (J.,  in  cuprous  chloride,  the  simpler  formula  must  be  doubled. 

cu— a 

The  graphic  formula  for  cuprous  chloride  will  then  be    I 

Cu— a 

Cuprous  oxide  occurs  naturally  as  "ruby  copper."  It  ^ 
formed  as  a  black  scale  when  the  metal  is  heated  in  the  air? 
and  as  a  red  precipitate  when  a  solution  of  a  cupric  salt  fa 
heated  with  the  solution  of  an  alkali  in  the  presence  of 
a  suitable  reducing  agent,  e.  g.,  grape-sugar,  CeHiaOe. 
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Cupric  oxide  is  formed  by  treating  a  boiling  solution  of 
a  cupric  salt  with  the  solution  of  an  alkali.  The  blue  cupric 
hydroxide^  Cu(0H)2,  which  is  formed  if  the  solution  is  cold, 
cannot  exist  in  the  boiling  solution. 

CuSO^  +  2  KOH »  K2SO4  +  Cu(OH)2. 

Cu(0H)2 »  CuO  +  H2O. 

Cupric  sulphate  is  known  in  crystalline  form  as  blue  vit- 
riol^ the  formula  of  which  is  CUSO4.  5  HgO.  When  blue 
vitriol  is  heated,  the  water  is  expelled,  and  anhydrous 
cupric  sulphate  results.  This  is  a  white  powder  which 
becomes  blue  again  in  contact  with  water.  Blue  vitriol  is 
used  in  making  blue  and  green  pigments,  in  copper-plating, 
in  preserving  wood,  and  for  gravity  batteries. 

Cupric  sulphidCi  CuS,  is  a  heavy,  black  solid,  precipitated 
Avhen  cupric  salts  in  solution  are  treated  with  hydrogen  sul- 
phide or  with  alkaline  sulphides. 

411.  Copper-plating. — An  object  that  is  to  be  plated 
vvith  copper  is  put  into  a  bath  of  some  copper  salt  in 
solution,  and  connected  with  the  negative  electrode  (kath- 
ode) of  a  battery  or  dynamo  circuit.  A  bar  of  copper 
is  used  for  the  positive  electrode  (anode).  The  bar  of 
copper  is  gradually  used  up,  and  copper  is  deposited 
upon  the  object  to  be  plated.  The  bath  does  not  de- 
teriorate. 

This  process  is  used  in  making  electrotype  plates^  either  from 
type  or  from  woodcuts.  An  impression  of  the  type  or  wood- 
cut is  first  made  in  plaster  of  Paris ;  this  is  covered  with 
graphite  powder  and  placed  in  the  copper-plating  bath  as  the 
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kath^h.     Tlie  plate  produced  is  an  exact  reproduction  of  the 
type  or  wootWut  from  which  the  plaster  impression  was  taken. 

412.  Silver  (Atomic  Mass,  107.94). — Silver  is  found 
native ;  also  combined  Avith  sulphur  and  mth  tlie  sul- 
phides of  other  metals.  The  lead  ore,  galena  (PbS), 
usually  contains  silver.  The  natural  chloride,  AgCl,  is 
called  "horn  silver." 

Mi>st  of  the  world's  silver  is  found  in  the  United 
States,  Mexico,  Bolivia,  and  Australia.  The  United 
States  juinluced,  in  1899,  d^^764toOO  ounces — about 
one-tliinl  oi  the  world's  supply^  for  tliat  year. 

413.  Extraction  of  Silver  from  its  Ores.  —  Silver  is 
separated  from  its  ores  by  various  pitxjesses ;  we  shall 
consider  only  f«'(>,  viz.,  the  Amalgamation  Process  and 
the  SmeUimi  Process, 

The  Amalgamation  Process  consists  in  extracting  the  metal 
with  mercury,  after  a  preparatory  treatment.  This  treatment 
consists  in  cruaMwj  the  ore,  tXHistiwj  it  with  ssdt  to  change  the 
sulphide  into  the  Monde  of  silver,  and  then  reducing  the 
chloride  to  silver  bv  means  of  water  and  iron.  The  mass  is  then 
mixed  with  mercury,  and  the  resulting  amalgam  is  collected, 
dried,  and  heated  in  retorts.  The  mercurj-  distills  off,  and  is 
ready  to  be  used  again  ;  the  silver  is  then  separated  from  what- 
ever gold  is  present,  as  described  at  the  end  of  tliis  section. 

Smelting  Process.  —  silver  ores  usually  contain  lead,  and  lead 
ores  often  have  enough  silver  to  pay  for  its  removal ;  hence 
the  reduction  of  the  two  metals  is  carried  out  in  a  single  smelt- 
ing operation. 

The  lead  ore  is  nxtsted  to  remove  sulphur,  and  then  reduced 
with  coke  in  a  blast-furnace.     The  silver  and  the  gold  present 
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temaiu  alloyed  witli  the  lead.  The  resulting  crude  lead  (kuown 
Bs  base  bullion)  is  then  heated  in  a  reverberatory  furnace  (Fig. 
GO),  aad  stiried  frequently.     The  %nia3i  quantities  of  copper, 
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,  and  antimony  present  are  thus  oxidisieil,  and  arc 
skimmed  from  the  surface  as  dross.  What  remains  is  a  mix- 
ture of  lead,  silver,  and  gold.  Mont  of  the  lead  is  now  removed 
by  the  Parkes  Process.  This  consists  in  melting  the  metal  in 
large  iron  pots,  adding  1%  to  2%  of  zinc,  and  stirring.  When 
the  mixture  is  cooled  slowly,  an  alloy  of  zinc,  silvor,  and  gold, 
with  but  little  lead,  conies  to  tlie  surface,  solidifies,  and  is 
skimmed  off.  If  necessary,  zinc  is  added  a  second  or  even 
a  third  time.  The  skimmings  are  then  heated  in  graphite  re- 
torts (cf.  §198);  and  the  zinc  is  distilled  off,  condensed,  and 
cast  into  slabs  to  be  used  ^ain.  The  residue  in  the  retort 
consists  of  lead,  sOver,  and  gold.  The  lead  is  now  completely 
removed  from  the  precious  metals  by  oxidising  it  with  hot  air 
ia  a  shallow  furnace.  The  leail  oxide  (lUhanje,  PbO)  Sows  off 
from  the  top  of  the  furnace. 
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Gold  is  separated  from  silver  by  treating  the  mixture 
of  these  metiils  with  nitric  acid,  or  hot,  concentrated  sui- 
pliuric  acid.     The  gold  is  not  acted  upon. 

The  sulphuric  acid  separation  is  carried  out  in  iron  kettles. 
Tlie  silver  sulphate  formed  is  treated,  in  solution,  with  copper, 
which  precipitates  silver.     This  is  melted  and  cast  into  ingots, 

414.  Properties.  —  Silver  is  a  white  metal,  capable 
of  receiving  a  mirror-like  polish.  It  conducts  heat  and 
electricity  better  than  any  other  metal,  and  is  malleable 
and  ductile.  It  melts  at  954°  C,  and  boils  in  the  oxy- 
hydrogeu  flame.  Melted  silver  absorbs  about  twenty- 
two  times  it«  own  volume  of  oxygen ;  when  the  silver 
solidities,  the  gas  is  given  off. 

Silver  does  not  tarnish  in  pure  air,  but  is  quickly 
blackened  by  sulphur  compounds  (^cf.  §  176).  Hydro- 
chloric acid  does  not  attack  it.  Nitric  acid  and  hot, 
conceutnited  sulphuiic  acid  act  upon  it  as  upon  copper 
0/.  §§  159  and  187). 

415.  Uses. — Silver  is  used  for  coinagey  tableware, 
jewelry,  ornaments,  and  mirrors,  and  for  plating  other 
metals.  Pure  silver  is  very  soft,  and  is  therefore  al- 
loyed with  copper.  The  silver  coins  of  the  United  States 
and  of  France  contiiin  90^;  silver  ("coin  silver"),  and 
ai*e  said  to  be  900  fine.  The  gi-ade  925  fine  is  called 
"  sterling  silver  "  ;  British  silver  coins  are  of  this  grade. 

Silver-plating  is  usually  done  by  electrolysis  of  the  double 
cyanide  of  silver  and  potassium.  A  bar  of  silver  forms  the 
anode,  and  the  object  to  be  plated,  the  kathode  (cf.  §  411).    The 
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rough  or  <'  matt"  surface  is  given  the  usual  lustrous  finish  by 
polishing  with  chalk.  The  double  cyanide  solution  is  made  by 
adding  to  a  silver  nitrate  solution  one  of  potassium  cyanide  (cf, 
§  215)  until  the  silver  cyanide  first  precipitated  is  redissolved. 

Mirrors  are  made  by  precipitating  silver  upon  glass.  The 
silver  is  deposited  from  silver  nitrate  solution  containing 
ammonia.  This  solution  and  a  suitable  reducing  agent,  e.  g., 
ammonium  tartrate,  or  acetaldehyde  (CH3CHO),  are  put  upon  the 
glass,  and  the  glass  is  gently  heated.  The  bright  deposit  of 
silver  is  washed,  dried,  and  covered  with  varnish  to  protect  it 
from  the  hydrogen  sulphide,  etc.,  of  the  air. 

416.  Compounds  of  Silver. — Silver  nitrate^  AgNOg, 
is  the  most  important  compound  of  silver.  It  is  a  wliite, 
crystalline  solid,  made  by  dissolving  silver  in  dilute 
nitric  acid.  Silver  nitrate  is  sometimes  called  lunar 
caustic, 

Silver  chloride^  AgCl,  ^Iver  bromidey  AgBr,  and  silver 
-iodide,  Agl  (^cf.  §  285),  are  made  by  adding  solutions 
of  chlorides,  bromides,  and  iodides,  respectively,  to  solu- 
tions of  silver  salts.  They  are  affected  by  light,  and  are 
used  in  photography. 

417.  Phot(^raphy.  —  Silver  salts  are  used  in  photo- 
^aphy  because  they  change  color  and  become  insoluble  in 
certain  chemicals  after  being  exposed  to  light.  When  a 
photographic  plate  is  exposed  in  a  camera,  no  change  is 
visible  until  the  plate  has  been  developed.  Developing 
consists  in  treating  the  plate  with  a  reducifu/  agent,  such  as 
ferrous  sulphate, pyrogallic  acid,  hydroiiuinone,  eihonogen, 
etc.  When  the  plate  is  covered  with  tlie  developing  sohi- 
.tion,  an  image  appears ;  this  is  due  to  the  i)recipitation  of  a 
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film  of  silver,  which  produces  variations  of  light  and  shade. 
Where  the  light  act^d  strongly  upon  the  plate,  the  deposit 
kA  silver  L<  relatively  hea^^-:  and  where  there  was  little 
action,  there  Ls  little  metal  deposited. 

Just  what  the  action  of  light  upon  the  silver  bromide  of  a 
plate  is,  is  not  definitely  known,  but  it  certainly  makes  the  re- 
duction to  silver  take  place  more  easily  than  is  the  case  with 
uMlnnry  silver  bromide.  The  action  of  a  developer  may  be 
illustrated  by  the  following  equation  :  — 

i>  AirBr  +  C6lI^(OH)2  +  2  KOII » 

hydnxiuinone 

2  Ag  +  2  KBr  +  2  IT^O  +  C  JT^Oo. 

quinone 

In  this  case  the  reduction  of  the  silver  bromide  is  due  to  the 
oxidation  of  hydroquinone  to  quinone. 

Fixing.  —  AVhen  the  plate  is  sufficiently  (7cretop€(?,  it  is  rinsed 
and  put  into  a  bath  of  sixlinm  thiosidphate  (*'  hypo  "  ;  cf,  §194) 
to  remove  the  silver  salts  not  acted  upon  by  light.  This  fixes 
the  negative.  The  plate  is  called  a  '^  negative  "  because  in  it 
dark  objects  appear  light,  and  light  objects  dark. 

A  **  print "  is  ma*le  by  placing  the  film  of  a  sensitized  paper 
noxt  to  the  negative  and  exposing  both  so  that  the  light  passes 
thiOugh  the  negative.  The  image  may  appear  on  the  paper  at 
i'lwe  (••  printing-out ''  papers)  or  may  have  to  be  develaped 
(•'developing'*  papers).  In  either  case  the  prints  are  ''^eJ" 
bv  romovins'  the  unchanixed  silver  salt. 

Toning.  —  Some  papei*s  are  **  toned  "  in  a  bath  of  gold  chloride, 
AuClg,  or  platinum  chloride,  PtCl^,  before  fixing.  Toning 
replaces  part  of  the  silver  by  gold  or  platinum. 

Blue  prints  are  made  on  paper  coated  with  Sk  ferric  salt  (ferric 
ammonium  citrate)  and  potassium  ferricyanidey  K^Te^CS)^. 
After  exposure,  the  picture  is  developed  and  fixed  bj'  wasliiu^' 
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it  ill  water.     The  result  is  a  blue  print  ou  a  white  ground.     The 
process  is  used  for  copying  planSy  etc. 

418.  Gold  (Atomic  Mass,  197.2).  —  (jold  is  found 
both  native  and  combined.  Even  native  gold  is  not 
pure,  liowever,  but  contains  silver,  and  often  iron, 
copper,  etc.  The  metal  is  frequently  found  enclosed  in 
quartz  or  quartz-sand. 

Gold  is  obtained  chiefly  from  Colorado  and  other  western 
states,  and  from  Australia,  Siberia,  and  South  Africa.  Tlie 
gold  produced  in  the  United  States  during  1899  was  3,437,210 
fine  ounces,  worth  S71 ,053,400.  This  was  about  one-fourth  of 
the  world's  yield  that  year. 

419.  Metallurgy  of  Gold.  —  Gold-mining  is  of  ttvo 
general  kinds :   (1)  plaeer-^iinitiy^  and  (2)  vein-niinuKj, 

In  placer-mining  the  clay  and  sand  contaiiiinj^  the  gold  iwa 
washed  with  water.  The  lighter  particrlos  are  thus  removed; 
while  the  gold  and  other  heavy  metals  remain.  Gold  and  silver r 
are  extracted  from  this  mixture  by  mercury  (jf.  §  413  ;  anial- 
gamation). 

Vein-mining  consists  in  removing  the  gold-bearing  rock  from 
the  earth  and  crushing  it  in  stamp  mills.  The  lighter  materials 
are  then  washed  away,  and  the  gold  is  collected  with  mercury, 
as  in  placer-mining.  Hydraulic-mining  is  a  form  of  placer- 
mining  done  on  a  large  scale  with  powerful  streams  of  water. 

Instead  of  mercury,  chlorine  and  bromine  are  used  to  re- 
move gold  from  the  crushed  ore.  They  form  the  solubles  (joM 
chloride,  AuClg,  or  bromide,  AuBrg.  This  is  extracted  with 
water,  and  the  gold  is  precipitated  by  means  of  charcoal  or 
ferrous  sulphate  (cf,  §  420). 

The  Cyanide  Process  depends  upon  the  fact  that  gold  is 
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converted  into  the  soluble  double  cyanide,  KCX.  AuCN,  by  a 
solution  of  the  alkali  cyanides.  The  gold  is  separated  from 
the  cyanide  solution  by  electrolysis  or  by  means  of  zinc. 

420.  Purification  of  Gold.  —  The  gold  obtained  by 
the  processes  described  above  is  not  pure.  It  can  l)e 
separated  from  silver  by  adding  aqua  regia^  which  reacts 
with  the  gold.  The  solution  is  evaporated  to  remove 
nitric  acid,  the  residue  is  dissolved  in  water,  and  the  gold 
is  precipitated  hy  ferrous  sulphate  or  some  other  reducing 
agent. 

3  FeSO^  +  AuClg »  FegCSO  J,  +  FeClg  +  Au. 

In  the  treatment  of  silver  and  gold  with  sulphuric  acid  (cf.  § 
413,  Old)  gold  is  left  in  the  kettle  as  a  brown,  spongy  mass. 
This  is  washed,  dried,  and  melted  in  a  crucible  with  charcoal 
and  sodium  carbonate.  The  resulting  product,  cJieniically  pure 
gold,  is  poured  into  a  mould,  and  leaves  it  as  a  gold  brick, 

421 .  Properties  and  Uses.  —  Gold  is  the  only  cmmm 
metal  that  is  yellow.  It  is  a  good  conductor,  and  the 
most  ductile  and  malleable  substance  known.  It^ 
s])ecific  gi-avity  is  19.3,  and  its  melting  temperature 
1060°  C. 

Gold  unites  directly  with  chlorine  and  bromine,  b^^ 
not  with  oxygen.  Aqua  regia  reacts  with  gold,  forminS 
auric  chloride,  AuClg  (^cf.  §  417  ;  "  toning  ") ;  but  the 
common  acids  do  not  affect  it. 

Gold  is  the  standard  of  coinage  of  most  nations.  K 
is  hardened  by  alloying  it  with  copper  (10^  in  the 
United  States).     For  jewelry  the   proportion  of  gold 
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aries  from  40^  to  75^ ;  it  is  usually  given  as  so  many 
carats  fine.''^  Pure  gold  is  2^  carats  fine ;  hence  18- 
arat  gold  is  75^  gold  and  2556  alloy.  Because  of  its 
lulleahility  and  weak  chemical  action,  gold  is  much  used 
y  dentists  for  filling  teeth.  Gold-leaf  is  used  in  or- 
amentation. 


CHAPTER   XXVIII. 
ALUMINUM  (Atomic  Mass,  27). 

422.  Occurrence  of  Altiminum. —  Although  akirai 
iiuiii  does  not  occur  free^  it  is  the  most  abundant  and 
^videly  distiibuted  metal.  Only  oxygen  and  silicon  are 
more  almndant.  Some  of  the  most  important  minerals 
containing  aluminum  are  feldspar  (KAlSigOg),  wa 
(KAlSiO^),  and  cryolite  {cf.  §  266).  Qranite  is  a  mix- 
tuie  of  quartz^  feldspar^  and  mica.  Clay  results  when 
oranite  and  similar  minerals  are  decomposed. 

All  the  other  elements  of  the  aluminum  group  are 
rare  (//.  Periodic  Table,  §  332). 

423.  Preparation.  —  Aluminum  was  formerly  pro- 
duced from  anhydrous  aluminum  chloride  and  sodium.] 

AICI3  +  3  Na »  Al  +  3  NaCl. 

This  method  has  been  superseded  by  electrolytic 
processes,  of  whicli  that  of  Hall  (1887)  is  perhaps  the 
most  important. 

Hall's  Process. — The  furnace  used  in  the  Hall  process  is  a 
box  of  boiler  iron  (Fig.  61),  the  bottom  and  sides  of  which  are 
lined  with  a  mixture  of  coke  and  tar,  rammed  hard.  The  bot- 
tom forms  the  —  electrode,  while  the  +  electrode  consists  of 
forty  larore  carbons  suspended  by  copper  rods. 

To  begin  the  process,  the  carbons  are  lowered  almost  to  the 

378 
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bottom  of  the  furnace,  cryolite  is  put  in,  and  the  current  is 
turned  on.  The  resistance  to  the  passage  of  the  current  pro 
(luces  lieat  enougli  to  melt  the  cryohte.     Pure,  dry  ulumimivi 


+  ' 


oxide,  AI5O,,  is  then  mixed  with  the  fused  crj-olite,  and  the 
electrolysis  begins. 

The  process  is  GontinuoiiB,  for  the  cryolite  bath  remaiiiK  un- 
clianged.  The  alumiaum  collects  at  the  bottom,  and  is  <lrnwn 
off  ;  the  oxygen  of  the  aluminum  oxide  unites  with  the  carh<i]iH 
to  form  carbon  monoxide,  which  escapes.  One  eontpany  getting 
its  power  from  ^Ni^^ara  produced  3, UK)  tons  of  aluiniuum  dur- 
ing 1900  ;  this  was  about  one-tliird  of  the  world's  output. 

The  aluminum  oxide  used  is  obtained  from  hemtmte  for 
bauxite),  A1(0H),.  The  natural  mineral  has  impuritieB,  e.  ij-- 
iron,  silimn,  etc.  ;  these  are  removed  at  preseut  by  fusing  the 
beauxite  with  a  little  metallic  aluminum. 

424.  Properties. —  Aluminum  is  a  white,  histious' 
metal.  Its  specific  gravity  (2.6)  is  very  low  coiii|«ii'etl 
with  that  of  other  common  metals,  zinc  being  7.1   and 
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^reighing  150,000  pounds,  to  transmit  motive  power  to 
ts  trolley  cai*s. 

Aluminum  powder  is  used  to  reduce  the  oxides  of  many 
Qetals,  e.  g.,  chromic  oxide^  CfgO,,  and  for  flash-lights.  A  large 
>art  of  the  aluminum  produced  is  used  for  kitchen  utensils, 
cientific  instruments,  etc.  ;  the  aluminum  alloys  also  require 
nuch  of  the  metal. 

The  alloys  with  copper  were  described  in  §  409.  A  7iew 
dloy,  called  magnalium,  contains  75%  to  90%  aluminum  and  the 
•emainder  magnesium. 

426.  Aluminum  Oxide  and  Hydroxide.  —  Alumi- 
lum  oxide,  Al2()3,  occurs  in  the  fonn  of  nihi/,  sapphire^ 
md  corundum.  Emery ^  an  impure  form  of  corundum, 
is  very  hard,  and  is  used  for  grinding  and  polishing. 
Aluminum  oxide  may  be  made  by  heating  the  hydroxide, 

2  Al(OH),  =  AljOa  +  3  H^O. 

Aliiminiim  hydroxide,  A1(0H)3,  may  be  precipitated 
by  adding  ammonium  hydroooide  to  the  solution  of  an 
iltmiinum  salt,  e.  g.,  aluminum  chloride.  Aluminum 
liydroxide  reacts  with  both  acids  and  alkalies  (except 
mimonium  hydroxide) ;  with  acids  it  gives  aluminum 
iolts,  and  with  alkalies,  aluminates  Qrf.  §  424).  It  is, 
therefore,  a  base  toward  strong  acids  and  an  acid  toward 
strong  bases  (cf.  §§  312  and  317). 

(1)  A1(0H)8  +      3  HCl »  AICI3       +  3  H2O. 

(2)  HgAIOg   +  3  NaOH »  NagAlOg  +3  H^. 

Aluminum  hydroxide  unites  either  chemically  or  mechani- 
cally with  mauy  dye-stuffs,  and  also  with  certain  fabrics.     Ad- 
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vaiita^o  is  taken  of  this  fact  to  **fix"  the  dyes  in  fabrics  that 
do  not  readily  hohl  color.  The  hydroxide  is  therefore  called 
a  mordant,  from  Latin  to  bite,  because  it  bites  into  the  fabric. 

427.  Aluminum  Salts. — Aluminum  ehloride^  AICI3, 
is  soluble  in  water,  and  crystallizes  with  crystal- 
water  (AICI3.  6  HgO)  ;  but  it  is  so  much  hydrolyzed 
that  when  the  water  is  expelled  hydrochloric  acid  es- 
capes, and  aluminum  hydroxide  remains. 

AICI3  +  3  H2O  7 »A1(OH)3  +  3  HCl. 

The  ayihydrous  chloride  is  made  by  letting  dry  hydro- 
chloric acid  gas  act  upon  hot  aluminum  filings.  It  is  a 
hygroscopic,  white  powder. 

Alums.  —  Alurtiinwn  sulphate^  Al2(S04)3,  forms  double  salts 
with  the  suli)hates  of  univalent  metals,  c.  g,^  with  potassium 
sulp}i<Ue^  K2SO4  ;  these  double  sulphates  are  called  alums.  The 
alums  crystallize  with  twenty-four  molecules  of  crystal-water. 
Potash-alum  is  K.^SO^,  Al2(S04).j,  24  HgO  ;  silver-alum  is 
AggSO^,  Al2(S04)3,  24  II^O.  Other  trivalent  elements  may 
replace  aluminum.  Thus  Xa^SO^,  FegCSOJg,  24  HgO  would  be 
sodium  iron-alum.      Chrome-alum  is  KgSO^,  Cr2(S04)g,  24  Hfi. 

Aluminum  Carbonate  and  Sulphide.  —  The  elec- 
tro-positive properties  of  aluminum  are  so  weak  that 
even  its  salts  with  strong  acids,  e,  ^.,  the  chloride  and 
sulphate^  are  readily  hydrolyzed.  Its  salts  with  weak 
acids  cannot  exist  in  the  presence  of  water,  being  com- 
pletely decomposed  into  the  hydroxide  and  the  free  acid. 

"WTien  the  acid  is  volatile,  it  of  course  escapes.  This  is  the 
case  with  the  carbonate.     \VTien   aluminum   salts  are  treated 
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with  the  solution  of  a  carbonate,  the  products  are  uluminmn 
hi/droxide  and  carbonic  acid.     Hence  car])()u  dioxide  escapes. 

(1)  2  AICI3      +  3  Na^COg »  ^'V1,(C03)3  +  0  XaCl. 

(2)  Al2(C03)3  +  6  II2O       »  2  Al(OII)3  +  -5  "./'<>.. 

With  the  sulphide  the  result  is  similar. 

(1)  2  AICI3  +  8  (mJ,\H »  AI2S3         +  0  xir.ci. 

(2)  AI2S3     4-  <>  II2O         »  2  A1(0II)3  H-  8  ILS. 

428.  Porcelain,  Stoneware,   Eta  —  Ahmdnum  sill- 

cate,  Al2(Si03)3,  is  essentially  the  substance  from  which 
porcelain,  etc.,  are  made.  In  a  pure  form  it  is  haoUii ;  in 
an  impure  form,  clay  {cf,  §  341). 

Porcelain  is  made  by  mixing  white  kaolin  with  more  fu- 
sible substances,  such  BsJ'eldspar,  shaping  the  plastic  mixture 
into  form,  and  heating  it  to  a  high  temperature.  Tlie  more 
fusible  portion  (the  feldspar)  melts,  and  cements  the  whole 
together.  Porcelain  is  hard  and  translucent,  and  withstands 
the  action  of  heat  and  chemicals  better  than  glass,  hence  it 
is  used  for  many  i)urposes  in  chemical  laboratories. 

Stoneware  is  opaque^  for  it  has  not  been  heated  enough 
:o  make  the  feldspar  penetrate  the  kaolin  as  nnic^h  as  in 
>orcelain. 

Martheninare  is  made  from  common  clav,  hardened  bv 
leat,  but  not  fused.  It  is  glazed  by  ])utting  common  salt 
iito  the  furnace  at  the  time  of  heatinty.  I'his  forms  a 
covering  of  sodium  aluminum  silicate  over  the  porous  sur- 
ace.     Bricks,  tiling,  jugs,  terra- cotta,  etc.,  are  examples. 

Ultramarine  is  a  blue  coloring  substance,  made  by  melting 
ogether  kaolin,  sodium  carbonate^  and  snilphiir.  This  substance 
vas  once  very  valuable,  but  thousands  of  tons  of  it  are  now 
nade  every  year. 
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431.  Commercial  Iron.  —  The  various  grades  of  iron 
are  alloys  of  the  metal  with  more  or  less  carbon,  -besides 
traces  of  silicon,  sulphur,  phosphorus,  manganese,  etc. 
The  three  cldef  subdivisions  of  the  kinds  of  iron  are 
cast-iron,  wrouglit-iron,  and  steel. 

Cast-iron  contains  from  1.5%  to  7%  of  carbon.  All  the 
varieties  of  cast-iron  melt  comparatively  low  (1050°  to 
1250°  C),  and  are  shaped  by  pouring  them  in  the  liquid 
state  into  sand  moulds.  Cast-iron  is  too  brittle  to  be  welded 
or  forged. 

Wrought-iron.  —  If  the  carbon  of  cast-iron  is  nearly  all  re- 
moved, the  iron  becomes  tough  and  malleable,  and  requires  a 
liigh  temperature  (1400°  C.  and  above)  to  melt  it.  It  can  be 
forged  and  icelded,  but  not  cast  or  tempered.  This  form  is 
wrou(/ht-iron.     It  usually  contains  0.6%,  or  less,  of  carbon 

Steel  generally  contains  more  carbon  than  wrought-iron, 
and  less  than  cast-iron.  It  may  be  forged,  welded,  cast, 
and  tempered.  It  melts  higher  tlian  cast-iron  and  lower 
than  wrought-iron. 

Annealing  and  Tempering  Steel.  —  If  steel  containing  over 
0.5%  of  carbon  is  heated  to  cherry  redness  and  then  quickly 
cooled  in  water  or  oil,  it  hardens^  and  is  suitable  for  catting 
tools,  etc.  If  the  hardened  steel  is  slowly  heated  up  again, 
and  then  slowly  cooled,  it  becomes  soft.  This  process  is  known 
as  annealing.  If,  however,  the  hardened  steel  is  heated  up 
slowly  until  a  film  of  a  particular  color  appears,  and  is  then 
plunged  into  water,  it  will  retain  a  definite  degree  of  hardness. 
This  process  is  called  tempering. 

432.  Manufacture  of  Steel. — Steel  may  be  made 
(1)  by  removing  pait  of  the  carbon  from  cast-iron,  (2) 
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by  adding  carbon  to  wrought-iron,  and  (3)  by  melting 
together  cast-  and  wrought-iron.  Method  (1)  is  now 
rarely  used;  method  (2)  is  applied  in  the  crucible  pro- 
cess of  making  steel ;  method  (3)  is  the  basis  of  the 
Bessemer  and  Open  Hearth  (Siemens-Martin)  processes. 


The  crucible  process  consists  essentially  in  heating  a  very 
pure  wrought-iron  with  carbon  for  a  long  time.  Some  of  the 
carbon  is  absorbed,  producing  a  very  fine  quality  of  steel,  suit- 
able for  tools.     The  process  is,  however,  expensive. 

The  Bessemer  process  consists  essentially  in  reducing  pig 
iron  in  a  "converter"  to  wrought-iron,  and  then  adding 
enough  cast-iron  (called  ''  spiegeleisen  ")  to  bring  the  propor- 
tion of  carbon  up  to  the  desired  point. 

The  converter  (Fig.  63)  is  a  large,  pear-shaped  furnace 
mounted  upon  supports  {8)  so  that  it  can  be  inverted.  A 
blast  of  air  forced  up  through  openings 
at  the  bottom  (tuyeres,  T)  oxidizes  the 
silicon  and  carbon,  the  former  to  a  slag, 
the  latter  to  carbon  dioxide.  Manganese 
is  put  into  the  spiegeleisen  to  reduce  any 
iron  oxide  formed,  the  resulting  oxide  of 
manganese  separating  in  the  slag.  If  the 
pig-iron  contains  much  phosphorus  and 
sulphur  the  converter  is  lined  with  quick- 
lime and  magnesia.  The  lining  retains 
most  of  the  phosphorus  as  phosphate. 

Converters  usually  make  ten  to  twenty 
tons  of  steel  at  a  "  blow."  The  time 
taken  is  about  thirty  minutes. 

Bessemer  steel  contains  about  0.35%  carbon  ;  it  is  used  for 
rails,  axles,  cannon,  wire,  tin-plate,  and  structural  purposes. 

In  the  Open  Hearth  process,  pig-iron  is  mixed  with  wrought- 


FIG.  63. 
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iron  or  steel  scrap,  and  heated  on  a  hearth  with  an  oxidizing 
gas-flanie.  When  the  proportion  of  carbon  has  been  lowered 
sufficiently,  manganese  is  added  in  the  form  of  "  spiegeleisen^^ 
or  ^^  ferro-manganese.^^  The  charge  is  usually  about  twenty 
tons;  but  the  process  takes  from  eight  to  eleven  hours,  and  is 
consequently  more  expensive  than  the  Bessemer  process. 
Steel  made  in  this  way  is,  however,  very  tough  and  elastic,  and 
is  suitable  for  the  finest  structural  work,  e.  g.,  bridges,  and  for 
machinery,  boiler-plate,  large  guns,  etc. 

433.  Properties  of  Iron.  —  Pure  iron  is  rare;  it 
melts  at  about  1800°  C.  The  purest  commercial  form 
is  wrought-iron ;  this  is  malleable,  ductile,  and  a  fairly 
good  conductor.  In  the  form  of  steely  iron  may  be 
made  veiy  hard. 

Soft,  i.  e.,  mrouyht,  iron  may  be  magnetized  temporarily^  but 
soon  loses  the  magnetism  ;  steel  is  not  so  easily  magnetized, 
but  becomes  impermanent  magnet. 

At  a  liigli  temperature  iron  decomposes  water  vapor, 
yielding  the  oxide  FcgO^  and  hydrogen. 

3  Fe  +  4  II2O  — ^  Fe804  +  4  Hg. 

When  iron  is  burned  in  oxygen  the  same  oxide  re- 
sults (rf.  §  23).  In  dry  air  iron  does  not  change,  but 
in  the  presence  of  moisture  and  carbon  dioxide  it  rusts. 
Iron  rust  is  a  mixture  oi  ferric  oxide  (FcgOg)  ^Jidi  ferric 
hydroride.,  Fe(OH)3.  Iron  reacts  easily  with  dilute 
acids.  Two  classes  of  iron  compounds  are  known,  viz., 
ferrous  and  ferric  compounds  (cf.  §§78  and  107). 

434.  Oxides  and  Hydroxides  of  Iron.  —  Ferrous 
oxidey  FeO,  is  not  easily  prepared  or  kept  in  pure  conditioa 
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It  may  be  made  by  reducing  ferric  oxide  with  hydrogen  at 
300°  C. ;  but  on  exposure  to  air  it  at  once  oxidizes. 

Ferric  oxide,  FegOg,  is  found  in  enormous  masses 
(haematite).  It  may  be  made  by  heating  ferric  hydrox- 
ide  or  ferrous  sidpJiate. 

2  re(0H)3  =  FeA  +  3  H^O. 

Ferrous-ferric  oxide,  ^0304,  is  called  the  "magnetic  ox- 
ide "  of  iron ;  it  occurs  as  magnetite.  It  is  sometimes  found 
as  lodestone,  a  natural  magnet  Iron  may  be  kept  from 
rusting  by  exposing  it  while  red  hot  to  steam ;  the  resulting 
layer  of  the  black  oxide,  Fe304,  protects  the  remainder  of 
the  metal. 

Ferrous  hydroxide,  Fe(0H)2,  is  formed  when  an  alkaU 
in  solution  is  added  to  the  solution  of  a  ferrous  salt.  It  is 
usually  green,  but  soon  becomes  brown  where  air  is  in  con- 
tact with  it.     In  the  absence  of  air  it  is  white. 

Ferric  hydroxide,  Fe(0H)8,  is  made  by  adding  an  al- 
kali or  ammonia  water  to  the  solution  of  a  ferric  salt.  It 
forms  a  flaky,  red-brown  precipitate. 

435.  Iron     Stdphides.  —  Ferrous    mlphide,     FeS     (c/. 

§  179),  is  a  black  solid  made  by  heating  a  mixture  of  sulphur 

and  iron,  and  by  adding  an  alkali  sulphide   to   a  ferrmis  salt 

solution. 

KgS  -f  FeCla »  FeS  +  2  KCl. 

Iron  pyrites  (FeSg)  has  the  color  of  brass,  and  is  called 
"fool's  gold."     For  its  behavior  when  heated,  see  §  178. 

436.  Iron  Chlorides.  —  Ferrous  cJdoride,  FeClg,  is 
made  by  passing  hydrochloric  acid  gas  over  hot  iron. 
A  solution  of  it  results  when  iron  Ls  treated  with  the 
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acid.     Like  all  ferrous  compounds  it  oxidizes  easily  to 
the  ferrie  condition. 

Ill  the  presence  of  liydrochloric  acid  the  oxidation  produces 
ferric  chloride. 

4  reCl2  +  4  IICl  +  Og »  4  FeClg  +  2  IlgO. 

If  no  acid  is  i)resent,  part  of  the  iron  is  oxidized  to  ferric 
Hdlt^  and  part  to  ferric  hydroxide  (rust). 

12  FeClg  +  3  O2  +  0  1X20 »  8  FeClg  +  4  Fe(0n)3. 

Ferrie  chloride^  ^  eClg,  is  formed  in  solution  by  passing 
chlorine  into  ferrous  cliloride  solution,  or  by  treating  iron 
with  atfui  regia^  and  evaporating  repeatedly  with  liydi'o- 
cliloric  acid.  The  anhydrous  salt  is  made  by  passing 
chlonne  over  red-hot  iron.     It  looks  like  maple-sugar. 

437.  Iron  Sulphates.  —  A  solution  of  ferrous  snl- 
phate^  FeSO^,  results  when  iron  reacts  Avith  dilute  snl- 
phunc  acid.  Tlie  crystals  known  as  green  vitriol  or 
"copperas"  are  FeSO^.  7  H2O.  Green  vitriol  is  used 
in  maldng  inks,  in  dyeing,  and  as  a  deodorizer.  Fer- 
rous sulphate  is  oxidized  like  the  chloride.  With 
ammonium  sulphate  it  forms  the  double  salt,  ferrous 
aimnonium  sulphate,  (ym^^O^.  FeSO^.  6  HgO ;  this  is 
much  less  easily  oxidized  than  ferrous  sulphate  alone. 

Ferric  sulphate,  Fe2(S04)3,  is  made,  in  solution,  by 
oxidizing  ferrous  sulphate  with  nitric  acid  in  the  pres- 
ence of  sulphuric  acid. 

438.  Potassium  Ferro-  and  Ferri-cyanides.  —  Potas- 

sinm  ferrocyanide,  K4Fe(CN)c,  is  called  "yellow  prussiate'' 
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(i.  e.,  cyanide^  cf,  §  21(>)  "of  potassium."  It  is  a  yellow, 
crystalline  solid.  With  a  ferric  salt  it  produces  Prussian 
blue.  Potassium  ferricyanide^  K8Fe(CN)6,  is  obtained  by 
oxidizing  the  ferrocyanide  with  chlorine.  It  is  a  red^  crys- 
talline solid. 

Potassium  ye/rocyanide  may  be  written  Fe(CN)2. 
4  KCN  ;  this  formula  shows  that  the  iron  is  ferrous^  i.  e., 
bivalent.  (!F'erro-  means  ferrous.)  In  the  /erricyanide, 
Fe(CN)3.  3  KCN,  iron  is  in  the  ferric  condition. 

439.  Nickel  (Atomic  Mass,  58.7).  —  Nickel  occurs 
with  iron  in  meteorites.  Its  ores  (silicates  of  nickel)  are 
found  chiefly  iii  Canada,  Norway,  and  New  Caledonia. 
Like  iron,  it  forms  two  classes  of  compounds ;  these  are 
nickelous  and  niekelic  compounds.  The  common  com- 
pounds are  nickelous.  Most  of  them  are  green.  The 
formula  of  nickel  sulphate  is  NiSO^ ;  that  of  the  yii- 
trate^  Ni(N03)2 ;  that  of  the  sulphide^  NiS. 

Nickel  is  used  to  plate  other  metals  to  protect  them 
from  the  atmosphere.  It  is  used,  also,  in  making  alloys, 
e.  g.^  German  silver,  nickel  steel,  and  the  United  States 
five-cent  piece.  Both  nickel  and  cobalt  are  attracted  by 
the  magnet. 

440.  Cobalt  (Atomic  Mass,  59).  —  Cobalt  occurs  com- 
bijied  with  arsenic  and  sulphur,  and  often  associated  with 
nickel.  Cobalt  salts  are  red  in  solution  or  combined  with  much 
crystal- water,  and  blue  when  anhydrous  or  with  little  crystal- 
water.  A  solution  of  cohaltous  chloride,  CoClg,  is  used  as  a 
sympathetic  ink. 


CHAPTER   XXX. 
MANGANESE  AND  CHROMIUM. 

441.  Manganese  (Atomic  Mass,  55).  —  Manganese 
ocelli's  chiefly  as  the  black  oxide^  MnOg,  —  the  mineral 
pf/rolusite.  The  pure  metal  is  very  hard,  and  fuses  only 
at  a  high  temperature.  In  some  ways  it  resembles  iron. 
Thus,  it  forms  two  series  of  salts,  mangarums  and  man- 
(janic  salts,  corresponding  to  ferrotis  and  ferric  salts. 
The  maiigauous  salts,  however,  are  more  stable  than  the 
ferrous  salts,  and  are  not  readily  oxidized.  Manganic 
salts  are  much  less  stable  than  manganous  salts.  The 
latter  are  usually  pink  in  color  and  crystalline.  They 
are  formed  when  the  hig'her  oxides  of  manganese  are 
treated  with  acids,  oxygen  being  either  set  free  or  else 
used  in  oxidizing  the  acid  (ef  §  81). 

442.  Manganese  Oxides.  —  Manganese  forms  the  fol-    - 
lowing  oxides :  — 

Manganous  oxide ^  MnO  ;  Manganese  dioxide,  MnOg  ; 

Manganic  oxide ^  MngOg ;  Manganese  heptoxide,  Mn^O^. 

Manganous-manujanic  oxide,  M118O4 ; 

All  of  these  are  solids  except  the  last,  which  is  a  darlcrr 
liquid.     The  oxide  MugOg,  corresponding  to  the  vnangan — 
ales,  is  not  known. 

The  most   important  oxide  of  manganese  is  the  di^ 
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oxide.  This  is  used  in  preparing  chlorine  and  oxygen, 
and  in  decolorizing  glass. 

The  manganese  dioxide  used  in  making  chlorine  is  recovered 
by  treating  the  manganous  chloride  produced  ((/.  §  81)  with 
slaked  lime.  This  forms  manganous  hydroxide,  Mu(OH)2. 
By  means  of  steam,  air,  and  more  lime,  this  is  converted  into 
manganites  having  the  fommlas  CaMnOg  (i.  e.,  CaO.  MnOo) 
and  CaMugOg  (i.  e.,  CaO.  2  MnOg).  Both  of  these  give  chlorine 
when  treated  with  hydrochloric  acid. 

443.  Potassium  Pennangaiiate.  —  Manganese  fomis 
not  only  saltSy  in  which  the  manganese  is  tlie  electro- 
positive element,  but  also  manganates  and  perinangan- 
ates^  in  which  the  manganese  has  the  same  relation  to 
the  compound  that  sulphur  has  to  the  sulphates.  The 
more  highly  oxidized  the  manganese  is,  the  less  basic 
does  its  oxide  become.  Manganese  heptoxide,  MugO^,  is 
the  anhydride  of  permanganic  acid,  liMnO^ ;  the  most 
important  salt  of  this  acid  m^pofassiiim  permanganate^ 
KMnO^. 

Potassium  permanganate  is  fonned  by  boiling  the 
solution  of  the  manganate^  K2Mn04,  and  passing  carbon 
dioxide  or  chlorine  into  it. 

(1)  3  K^MnO^  +  2  CO2  =  2  K^COg  +  2  KMnO^  +  MnOo. 

(2)  2  K2Mn04  -\'C\  =  2  KCl  +  2  KMnO^. 

The  permanganate  separates  from  solution  in  prisms.  It  col- 
ors water  a  deep  purple.  The  manganate  is  obtained  by  fusing 
a  mixture  of  manganese  dioxide,  potassium  hydroxide,  and  an 
oxidizing  agent,  e.  gr.,  potassium  nitrate  or  chlorate. 

A  crude  permanganate  solution  is  used  to  oxidize  sewage. 
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it  is  made  by  treating  crude  sodium  manganate  or  potassium 
uiaiigauate  with  dilute  sulphuric  acid. 

444.  Oxidation  by  Permanganate. — Most  of  the 
uses  of  potassium  permanganate  are  due  to  its  easy 
liberation  of  oxygen.  There  is  a  difference  depending 
upon  whether  it  acts  in  acid  or  in  alkaline  solution. 

We  represent  the  oxidation  of  oxalic  acid  by  potas- 
sium permanganate  in  the  presence  of  sulphuric  acid  as 
follows :  — 

2  KMnO^  +  5  IloCgO^  +  3  H^SO^  =  2  MnSO^  +  K^SO^  + 

lOCO.+SHgO. 

Another   process  depends  upon  the   oxidation    of   a 
ferrous  to  a  ferric  compound. 

2  KMUO4  + 10  FeSO^  +  8  HaSO^  =  5  Fe^(SO^\  +  KgSO^  + 

2  MnSO^  +  8  H2O. 

Botli  of  these  reactions  are  sharp  and  complete,  hence 
they  have  important  uses  in  volumetric  analysis. 

To  understand  the  oxidizing  action  of  potassium  perman- 
ganate in  acid  solution  we  nmst  look  upon  this  substance  as 
made  up  of  potassium  oxide  and  manganese  heptoxlde. 

2  KMnO^  =  K,0  +  MUoO^. 

The  molecule  of  manganese  heptoxide  gives  up  Jive  atoms  of 

oxygen. 

Mn^O^  =  2  MnO  +  5  0. 

The  manganous  oxide  then  reacts  with  the  acid  to  form  a  man- 
fi^anous  salt  and  water,  and  the  potassium  oxide  to  form  a  po- 
tassium salt  and  water. 
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MnO  +  H2SO4  =  MnSO^  +  UjO. 
K2O  +  H2SO4  =  K2SO4  +  I  r.o. 

The  complete  equation  is,  therefore, — 

2  KMiiO^  4-  3  n2S0^  =  2  M11SO4  +  K0SO4  +  3  H2O  +  5  O. 

When  the  permanganate  is  used  in  neutral  or  alkaline 
^s()lution,  the  available  oxygen  is  less  than  in  acid  solu- 
tion, e,  (/.,  — 

2  KMnO^  +  H2O  =  30  +  2  KOII  +  2  MnOg. 

If  there  is  sufficient  alkali,  the  manganese  dioxide  unites 
with  it  to  fonn  a  manganite^  e.  g.,  KgMnOg,  which  re- 
niiiins  in  solution. 

The  action  of  potassium  permanganate  with  sxilphuroufi  and 
and  with  hydrogen  peroxide  is  represented  thus  :  — 

2  KMnO^  +  5  TlgSOg  +  3  IlgSO^  =  KjSO^  +  2  MnSO^  + 

5n2S04  +  3  1IoO. 
2  KMnO^  +  5  II2O2  +  3  llgSO^  =  KoS(  )^-\-2  MnSO^  + 

8H2O+5O2. 

445.  Chromium  (Atomic  Mass,  52.1).  —  Chromium 
is  a  comparatively  rare  element.  It  occurs  chiefly  as 
chromite,  Fe(Cr02)2  or  FeO.  Cr203.  The  name  of  the 
element  is  from  the  Greek  chroma^  meaning  color. 
Chromium  compounds  have  many  decided  colors. 

The  metal  is  prepared  at  a  high  temperature  by  re- 
ducing the  oxide  with  carbon  or  the  chloride  with 
sodium.  It  is  steel-gray,  very  hard,  and  very  difficult 
to  fuse.  With  iron  it  forms  a  hard  alloy  called  "  chrome- 
steel.'' 
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446*  Oxides  and  Hydroxides.  —  The  most  important 
oxides  of  elu\>miiim  are  chromic  oxide  (CPgOg)  and 
chn^mium  trioxide  (^CrOj).  Ohromaus  oxide^  CrO,  is  the 
iHio  t'i\>m  wliieh  the  chromous  salts  are  derived. 

Chromic  oxide  is  a  valuable  pigment  known  as  ^^  chrome- 
irr\»ou."  It  is  maile  by  driviug  off  water  from  the  hydroxide, 
i^r^^iMDj,  or  by  boating  a  mixture  of  potassium  dichromate, 
aiuiuoiiium  cblorido,  and  siHlium  carbonate. 

Chromiam  trioxide  separates  as  bright  red  crystals  when 
strv>ug  sulphuric  acid  is  added  to  a  saturated  solution  of  potas- 
sium dichrv>iuate. 

Althouixh  often  cjdleil  "  chromic  acid,"  it  is  really  the  an- 
hu*h'i(h  of  chrvMuic  ai*id,  ILCrO^.  It  is  a  powerful  oxidizing 
jigeut.     Chromic  ju*id  is  unknown. 

Chromic  hydroxide,  Cr(OII)3,  is  a  green  solid,  formed  when 
an  alkaline  hydn^xide,  carbonate,  or  sulphide  is  added  to  a 
cliroiuic  salt  solution.  It  is  soluble  in  an  excess  of  the  alkali, 
forming  a  chn>mtte  ((/.  §  420).  Chromites  are  derived  from  the 
su])stance  having  tlie  formula  IlCrOj  ;  this  is  chromic  h3'drox- 
ide  minus  Avator.  The  Ciwhonate  and  sulphide  of  chromium 
are  decomposed  by  water,  like  the  corresponding  aluminum 
salts  ((/.  §  427). 

447.  Chromous  and  Chromic  Salts.  —  Chromous 
salts  ave  so  i-eadily  oxidized  that  they  are  very  hard  to 
prepare.  In  this  respect  chix>miimi  differs  decidedly 
from  mangjinese,  the  corresponding  salts  of  which,  the 
manganous  salts,  are  stahle  (if.  §  441).  The  cliief 
chromic  Siilts  are  chromic  chloride  (CrClg)  and  chrome' 
alum,  K^Cr^CSO^)^.  24  HgO. 

Chromic  chloride  is  obtained  a«  a  beautiful,  lavender-colored 
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solid  by  passing  chlorine  over  a  mixture  of  chromic  oxide  and 
carbon.  The  carbon  reduces  the  oxide.,  and,  at  the  same  time, 
chlorine  unites  with  the  chromium. 

Chromic  chloride  is  formed  in  solution  by  reducing  a  chroni- 
ate  or  dichromate  with  alcohol,  hydrogen  sulphide,  sulphurous 
acid,  etc.     The  hydrated  salt  is  green. 

2  KgCrO^  +  3  HgS  + 10  HCl  =  4  KCl  +  2  CrClg  + 

8H2O  +  3S. 

Chrome-alum  is  a  violet-colored,  crystalline  substance, 
formed  as  a  by-product  in  certain  operations  in  which  potas- 
sium dichromate  is  used  as  an  oxidizing  agent.  It  is  analogous 
to  ordinary  alum,  but  contains  chromium  instead  of  aluminum 
(c/.  §  427). 


448.  Double  Nature  of  Chromium.  —  Chromiuui  is 

not  only  a  metal,  but  also  an  acid-forming  element.  Its 
lower  oxides,  like  those  of  manganese,  form  salts  witl) 
acids,  and  are,  therefore,  basic ;  but  its  higlier  oxides, 
especially  the  trioxide,  CrOg,  are  the  anhydrides  of 
acids. 

The  ehromites  formed  by  the  reaction  of  chromic 
hydroxide  with  alkalies  (^cf.  §  446)  are  not  important ; 
although /err(m«  chromite^  Fe(Cr02)2»  is  the  chief  chrom- 
ium ore.  The  chromates  and  the  dichromates^  however, 
are  the  most  important  chromium  compounds.  Chrom- 
imn  is  in  the  same  periodic  group  with  sulphur ;  chromic 
acid  (HgCrO^)  corresponds  with  sulphuric  acid  and 
dichromic  aeid^  HgCraO^  or  HgO.  2  CrOg,  with  fuming 
or  disulphuric  acid,  H2S2O7. 
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449.  Chromates  and  Dichromates. — Potassium  chrom 

ate^  K.^CrO^,  is  made  by  roasting  ehromite^  Fe(Cr02)2 
or  FeO.  CrgO^,  with  potassium  carbonate  and  quick- 
lime in  the  oxidizing  flame  of  a  reverberatory  furnace 
(jf.  Fig.  60).  0:i  a  small  scale  the  chromite  is  heated 
with  a  mixture  of  potassium  nitrate  and  carbonate. 

To  understand  the  formation  of  the  chromate  we  must  think 
of  it  as  made  up  as  follows:  — 

2  KgO  +  CrgOy  +  30=2  KaCrO^. 

Tlie  potassium  oddde  is  present  in  the  carbonate,  the  chromic 
oxide  comes  from  tlie  chromite,  and  the  oxygen  from  the  oxidiz- 
ing agent  or  tlie  air.  In  general,  we  change  a  chromic  com- 
pound to  a  chromate  by  oxidizing  it  in  the  presence  of  a  base. 

Potassium  chromate  is  yellow,  like  most  chromates. 
Acids  change  it  to  potassium  dichromate,  KgCrgO^. 

Potiissium  dichromate  forms  large,  red  crystals,  which 

are  soluble  in  about  ten  parts  of  water  at  the  ordinary 

temperature.     Alkalies  change  it  to  the  chromate. 

To   understand   the   relation   between   the   chromates   and 

dichromates  we  must  look  upon  their  molecules  as  made  up  as 

follows  :  — 

K2Cr207  =  K20.  2Cr08. 

KaCrO^^rKgO.  CrOg. 

Addition  of  alkalies,  e.  gr.,  potassium  hydroxide,  to  the  di- 
chromate produces  chromate. 

K2O.  2  CrOg  +  2  KOH  (L  e.,  KgO.  Ufi)  =  HgO  -f  2  K2Cr04 

(i.  e.,  2K2O.  CrOg). 

With  acids,  however,  the  reverse  change  takes  place. 

2  Kfi.  CrOg  +  IIjSO^  =  K2O.  2  CrOg  +  KgSO^  +  H,0. 
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Sodium  dichromate^  NagCrgO^,  is  often  employed  in 
place  of  the  potassium  salt,  owing  to  its  greater  solu- 
bility. 

Both  the  chromates  and  the  dichromates  are  used  in 
dyeing,  in  calico-printing,  and  «ns  oxidizing  agents.  Po- 
tassium dichromate  is  used  in  photography.  Solutions 
of  cliromates  and  dichromates  precipitate  many  metals, 
e,  g,^  lead,  silver,  and  barium,  as  chromates. 

450.  Oxidation  by  Chromates  and  Dichromates.  — 

When  a  chromate  or  a  dichromate  is  used  as  an  oxidiz- 
ing agent,  the  reactions  are  the  reverse  of  those  that 
take  place  when  a  chromate  is  synthesized :  the  clirom- 
ate  (or  dichromate)  is  reduced  in  the  presence  of  an 
acid  to  a  chromic  salt. 

Thus  we  think  of  potassium  chromate  as  breaking  down  into 
poUismun  oxide,  chromic  oxide,  and  oxyyen. 

2  KgCrO^  =  K2O  +  CrgOg  +  3  O. 

The  oxygen  is  available  for  oxidation  ;  while  the  oxides 
unite  with  the  acids,  giving  salts. 

If  the  acid  present  is  sulphuric  acid,  potassium  sulphate 
(KgSO^)  and  chromic  sulphate,  0X2(80^)3,  are  formed.  These 
unite  to  produce  chrome-alum,  K2Cr2(S04)4.  24  ITgO. 

If,  however,  hydrochloric  acid  is  present,  we  get  a  mixture 
of  the  chlorides  of  chromium  and  potassium.  If  tliere  is  no 
other  reducing  agent  present,  the  nascent  oxygon  attacks  the 
hydrochloric  acid,  giving  chlorine  and  water. 

KgCrgO^  +  14  IICl  =  2  XCl  +  2  ChClg  +  7  IlaO  +  .3  CI2. 


CHAPTER  XXXT. 

LEAD,   Xnr,   AND  PLATINUM. 

A.     Lead  (Atomic  Mass,  206.9.) 

451.  Occurrence  and  Preparation  of  Lead. — Lead 
occui"s  chiefly  as  galena^  or  ffalenite^  PbS ;  and  is  ob- 
tained from  it  bv  the  following  process :  — 

The  galena  is  first  roasted  in  a  reverberatory  furnace 
(rf.  Fig.  (>0).  By  this  operation  part  of  the  ore  is  changed  to 
the  oxide,  PbO,  and  part  to  the  sulphate^  PbS04,  while  some 
remains  unchanged. 

(1)  2PbS  +  3  02 »2PbO  +  2SO,. 

(2)  PbS  +  2  O2  -I — »  PbSO^. 

After  the  oxidation  has  gone  far  enough,  the  furnace  doors  are 
closed,  and  the  mixture  is  heated  without  the  admission  of  more 
air.  Tlie  lead  oxide  and  sulphate  then  react  with  tlie  un- 
changed sulphide  as  follows  :  — 

(1)  PbS  +  2  P1)0 »  3  Pb  +  SOj. 

(2)  PbSO^  4.  P1)S »  2  Pb  4-  2  SO,. 

If  the  ores  are  poor,  they  are  often  heated  with  iron. 

P1)S  +  Fe  =  FeS  +  Pb. 

If  there  is  enough  silver  to  pay  for  its  extraction,  the  Parkes 
process  is  used  (of,  §  413). 

452.  Properties  and  Uses.  —  Lead  is  soft,  blue-gray 
metal  having  a  high  luster.  It  is  malleable,  but  not 
very  ductile.     It  melts  at  about  325°  C. 

400 
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Although  lead  is  easily  tarnished  in  the  air,  the  cor- 
rosion does  not  penetrate,  as  with  iron.  Ordinary  hai-d 
waters  act  but  little  upon  lead ;  but  soft  Avaters  contain- 
ing carbon  dioxide,  organic  matter,  or  much  chloride  or 
nitrate,  attack  it.  Such  waters  should  not  be  carried 
through  lead  pipes  for  household  purposes. 

All  compounds  of  lead  are  poisonous. 

Nitric  acid  acts  readily  upon  lead,  but  hydrochloric 
and  dilute  sulphuric  acids  do  not.  Some  metals,  e.  g., 
zinc,  separate  lead  from  the  solutions  of  its  salts. 

Lead  pipes  are  used  for  conveying  water  and  as 
sheaths  for  the  cables  of  telephone  Avires.  In  sheet 
form  the  metal  is  used  to  line  the  "  leaden  chambera  " 
(cf,  §  184),  and  the  sides  and  floors  of  vats  and  tanks 
where  certain  chemical  processes  are  carried  on.  Large 
quantities  of  it  are  made  into  shot,  bullets,  t}^-metal, 
solder,  pewter,  and  the  plates  of  storage  batteries. 

453.  Compounds  of  Lead.  —  Several  oxides  of  lead 
are  known.  Among  these  are  the  suboxide  (PbgO),  the 
monoodde  (PbO),  the  dioxide  (PbOg),  and  "  red  lead  "  or 
"  minium,"  which  is  PbgO^. 

Lead  monoxide,  or  '^  litharge,"  is  formed  by  heating  lead  in 
a  current  of  air.  At  400°  C.  it  takes  up  more  oxygen,  forming 
**  red  lead,"  PbgO^.  When  red  lead  is  treated  with  dilute  nitric 
acid,  lead  dioxide  remains  as  a  brown  powder.  Lead  dioxide 
acts  upon  hydrochloric  acid  to  give  chlorine. 

Lead  nitrate,  Pb(N03)2,  is  made  from  litharge  and 
nitric  acid;   lead  acetate,  Pb(C2H302)2»  from  litharge 
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and  acetic    acid.     Both   are   white,  crystalline    solids. 
Lead  acetate  is  called  "  sugar  of  lead." 

Lead  sulphate  (PbSO^)  and  lead  chromate  (PbC'rO^) 
are  insoluble  in  water.  Lead  chromate  is  called 
"  chrome-yellow." 

Lead  chloride^  PbClg,  is  difficultly  soluble  in  cold 
water,  but  dissolves  in  hot  water. 

Lead  carbonate^  PbCOg,  is  precipitated  from  solutions 
of  lead  salts  by  ammonium  carbonate  solution;  the 
carbonates  of  sodium  and  potassiimi,  however,  give  a 
hauc  carbonate  instead. 

Basic  lead  carbonate  is  made  by  various  methods,  and 
on  a  large  scale ;  it  is  the  pigment  "  white-lead."  It 
forms  a  good  paint,  but  turns  brown  or  black  in  the 
presence  of  Iiydrogen  sulphide. 

Lead  sidphide,  PbS,  is  precipitated  from  the  solution 
of  a  lead  salt  by  soluble  sulpliides  and  by  hydrogen  sul- 
pliide. 

Plumbites  and  Plumbates.  —  Lead  hydroxide,  Pb(0H)2,  re- 
acts with  alkalies,  giying  2)lu'^nhites,  e.  g.,  KgPbOg  ;  lead  dioxide 
and  alkalies  give  plumhates,  e.  g.,  KgPbOg.  Normal  plumbit; 
acid  would  be  Il^PbO^  ((/.  silicic  acid,  §  340).  Its  lead  salt 
is  PbgPbO^,  i.  e.,  red  lead, 

B.    Tin  (Atomic  Mass,  119.) 

454.  Occurrence  and  Preparation  of  Tin.  —  The  only 
mineral  abundant  enough  to  serve  as  a  source  of  tin  is 
^'■asditerite,    or  tin-stone,  Sn02.     This    occurs   in  Corn- 
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wall  (England),  in  Australia,  in  the  island  of  Banca, 

and  in  the  Black  Hills. 

Tin  was  known  in  very  early  times.  Cassiterides  was  an 
ancient  name  for  the  Scilly  Islands,  owing  to  the  fact  that  tin- 
stone was  found  there.  Although  tin  has  been  carried  away 
from  Cornwall  since  the  times  of  the  Phoenicians,  the  mines 
there  are  still  producing  it. 

The  metallurgy  of  tin  consists,  first,  in  roasting  the 
ore,  so  as  to  oxidize  and  remove  arsenic  and  sulphur. 
The  tin  oxide  is  then  reduced  with  coal  in  a  furnace, 
the  metal  being  drawn  off  and  cast  into  bai's.  These 
bars  of  impure  tin  are  then  slowly  heated  on  a  sloping 
hearth.  The  tin  melts  and  runs  down  the  hearth, 
leaving  the  unmelted  impurities  behind. 

455.  Properties  and  Uses.  —  Tin  is  a  white  metal 
having  a  brilliant  luster.  It  does  not  lose  its  luster  in 
the  air.  It  is  soft  and  malleable,  and  melts  at  about 
227°  C. 

Tin  reacts  with  hydrochloric  acid,  giving  stannous 
chloride,  SnClg.  With  concentmted  sulphuric  acid  it 
gives  stannous  sulphate,  SnSO^,  and  sulphurous  acid. 
Nitric  acid  oxidizes  it  to  metastannic  acid  (H2Sn03). 

The  chief  use  of  tin  is  to  coat  sheet-iron  ;  in  this  way  thv 
tin-plate  of  commerce  is  formed.  It  is  also  used  to  protect 
other  metals,  e.  (/.,  copper  and  lead  ;  and  in  making  alhi/s, 
e.  gr.,  soft  solder,  pewter,  bronze,  bell-metal,  etc. 

456.  Compounds  of  Tin.  —  Tin  forms  statmous  and 
stannic  compounds.     Examples  of  the  former  are :  stan- 
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nous  chlorilp  (SnCl^),  stannous  oxide  (SnO),  and  stan- 
nous sulphide  J  SiiS.  Tlie  corresponding  stannic  c<»m- 
poiinds  have  the  formulas  SnCl^,  SnOy  and  SnSo. 
Stannic  acid^  Kke  metastannic  acid,  is  ll^SnOj. 

*>7'iff/i'^(i.<<  chhrith  is  eae^ih*  oxidize<l  to  stannic  chloride,  and 
is.  therefore,  a  good  reducituj  agent.  Thus,  it  reduces  mercttrii: 
chloride  to  )H€rcurous  chloride,  and  even  to  mercurv. 

(1)2  IlgC'U  +  SnCl,  =  SnCl^  +  2  HgCL 
(2 )  2  IlgCl  +  SnCL  =  SnQ^  +  2  Hg. 

St^tvii*-  rhhritk  is  a  liquid.  It  is  made  hy  heating  tin  in 
chlorine.  A  solution  of  it  is  obtained  by  treating  tin  with 
i^jua  re^ia. 

St'innir  twiih  is  made  when  stannic  acid  is  heated,  and  when 
tin  i>  burneil  in  the  air.  This  oxide  shows  its  acid  character, 
and  its  analol:^'  to  carbon  dioxide,  silicon  dioxide,  and  lead  di- 
oxide,  bv  reactin:!  with  molten  alkalies  to  form  stannates.  e.  *r.. 
5i>tlium  Stan n ate.  Xa.SnO,. 

^^^^?^l'>?cN  ,x-»i/j|>/ii'/f  is  a  brown  iwwder,  formed  when  tin-foil 
is  hoaiod  with  sulphur,  and  when  hydrogen  sulphide  is  passed 
into  the  solution  of  a  stannous  salt. 

S:'tniki''  .^u^phiih'  separates  as  a  yellow  precipitate  when  hy- 
drogen sulphicle  is  passed  into  a  stannic  salt  solution. 

Hoth  sulphides  rea^-t  with  alkaline  sulphides,  forming  .<«?- 
ph:\<t.fi}i:itis,  which  are  soluble  in  water  (rf  §§314  and  318). 

C.    Platinum  (Atomic  Mass,  195). 

457.  Occurrence  and  Preparation.  —  Platinum  is 
found  tuttitr  in  a  few  places,  chiefly  in  western  Siberia. 

Nrtiive  platinum  is  usu:dlv  mixed  with  five  other  rare 
metals «  all  belonging  to  the  eighth  periodic  group.     These  are : 
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palladium,  ruthenium,  rhodium,  osmium,  and  iridium.     About 
75%  of  the  ore  is  platinum. 

The  ore  is  treated  with  aqua  regia,  which  reacts  with 
the  platinum  and  some  iridium.  The  resulting  eldor- 
platinic  acid,  HgPtClg  (^ef.  bottom  of  page),  is  treated 
with  ammonium  chloride,  producing  a  precipitate  of 
ammonium  chlorplatinate,  (^H^^^VtC^Q.  When  this  is 
heated  strongly,  metallic  platinum  results.  The  small 
quantity  of  iridium  is  not  removed. 

458.  Properties  and  Uses.  —  Platinum  is  a  grayisli- 
white  metal,  over  ^1  times  as  heavy  as  water.  Air 
has  no  action  upon  it ;  and  the  temperature  of  the  oxy- 
hydrogen  flame  is  needed  to  melt  it. 

Platinum  is  not  attacked  by  the  common  acids;  but 
it  reacts  with  aqua  regia  and  with  chlorine-  and  bromine- 
water.     Fused  alkalies  also  act  upon  it. 

The  resistance  of  platinum  to  most  cliemicals  and  the 
high  temperature  at  which  it  fuses  make  it  very  useful 
in  the  laboratory.  It  is  used  in  tlie  form  of  foil,  cru- 
cibles, wire,  and  other  utensils.  Large  retorts  of  2>lati- 
num  are  used  in  concentrating  and  distilling  sul[)huric 
acid  (cf.  §  185). 

459.  Chlorplatinic  Acid.  —  When  platinum  is  treated 
with  aqua  regia,  the  platinum  chloride  (PtCl^)  formed  unites 
with  hydrochloric  acid,  giving  chlorplatinic  acid,  IlgPtCJlc. 
The  solution  of  this  substance  gives  with  potassium  salts  and 
with  ammonium  salts  precipitates  of  potassium  chlorplatinate^ 
KoPtClg,  and  of  ammonium  chlorplaWiate,  (N'Il4)2PtCng,  re- 
spectively.    The  corresponding  sodium  salt  is  soluble. 


CHAPTER  XXXII. 
SOME  CARBON  COlfPOUimS. 

460.  Organic  Chemistry.  —  It  was  formerly  believed 
that  the  complex  substiinces  produced  by  animals  and 
phmts,  such  as  sugar,  starch,  uric  acid,  etc.,  could  not 
l)e  made  in  the  chemical  lal)oratory ;  hence  there  arose 
a  distinction  l)et\veen  "  or(/anie  "  and  "  inorganic  "  com- 
pounds. Organic  compounds,  it  Wiis  thought,  needed 
"  vital  energy  '"  for  their  formation,  while  inorganic  sul)- 
stances  could  \m}.  made  without  the  intervention  of 
living  things.  However,  the  synthesizing  of  urea^ 
('0(NIl2).^,  an  animal  product,  by  Wohler  in  1828 
and  the  many  organic  syntheses  made  since  that  time 
have  destroyed  the  force  of  this  distinction.  At  the 
present  time  tlie  term  '^  Organic  Cliemistry "  is  pmc- 
lically  equivalent  to  '-Chemistry  of  tlie  Carlnm 
( 'ompounds.'' 

The  carbon  compounds  exceed  in  number  those  of  all  the 
other  elenuMits  toixcthor,  yet  each  subHtance  is  comiKMsed  of 
rolatively  fow  cli'ments.  ^Many  compounds  contain  only  car- 
bon and  bydroiron  ;  a  nuich  larger  number,  carbon,  hydrogen, 
and  oxj'gen.  ^Many  important  organic  substances  contain 
carbon,  hydn>gon,  and  nitrogen,  wliile  others  have  oxygen  in 
addition.  Phosi)liorus,  sulphur,  and  the  halogens  are  also 
present  in  many  organic  compounds. 
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Tlie  compounds  described  in  this  chapter  are  classified 
as  (1)  hydrocarbons,  (2)  alcohols,  (3)  ethers,  (4) 
aldehydes,  (5)  acids,  (6)  organic  salts,  or  esters, 
(7)  amines  and  alkaloids,  (8)'  carbohydrates,  and 
(9)  phenol  derivatives. 

461.  Hydrocarbons  of   Marsh  Gas   Series.  —  Sul>- 

stances  composed  of  only  hydrogen  and  carbon  are 
called  hydrocarboHB,  Several  have  already  been  men- 
tioned in  §§  217  to  223.  Methane  (§  217)  is  the  fii-st 
member  of  a  large  series  —  the  marsh  gas,  or  paraffin 
series  —  in  which  the  formula  of  each  member  differs 
from  that  of  the  next  meml)er  by  CHg.  Such  a  series 
is  said  to  be  homolof/ous. 

Ilie  names  and  formulas  of  some  members  of  tlie 
parafUn  series  are  given  in  the  first  cohunn  of  the  tiible 
on  page  408.  Tlie  formulas  show  that  the  numl)er  of 
hydrogen  atcmis  in  the  molecule  of  each  of  these  hydro- 
carbons is  two  more  than  twice  the  numl)er  of  carbon 
atoms ;  hence  the  series  may  be  rejiresented  by  the 
r/eneral  formula  C^Hg^^j. 

To  explain  the  fact  that  so  large  a  numl)er  of  marsh 
gas  hydrocarbons  exists,  chemists  have  assumed  that 
carbon  is  tetravaleyit  in  these  com2)()unds  (//.  §§  251)  and 
260),  and  that  the  carbon  atoms  are  united  in  chains. 

The  graphic  formula  for  marsh  gas  has  been  given 
(c/.  §  261).     That  of  ethane  is  — 
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*"'*         «£BZE5.  SERIES.  .SERIES. 


...-J 


Benzene, 
'**7.  ^^       Aortrlene,  .  Toluene, 


^^       Aortrlene,  .  Toluene 


.KOf.     Anyloce,  Trinteihylere,  Xvlene, 

'H,^*"        C.H,  aH:  ..  L\H-   . 

r^         *--,v«ei       CnHonylone,     Terramcihyeno.       Me5!:v:ene, 
•  **"         >««-leae,  Prziaaieihvlene. 

*.  "•  

^j^jicst  known  lu.:...    r  ■  :  :':...  !r.:\r>h  -a-  >rr:..>  :.:,>  :•.. 

•fl     jjv  liquids  at  ur  .::.:»:;.  :■.::.'. -.nr.urv^  :  TiU'Sv  t-:  -:rv:»:.r 
*.;UN^  maw.  8olid>. 

^.  Ethylene    and    Acetylene    Series.  —  A.<-  we 

jpgcaed  in  §  220,  e:*:...: ....  :.»:.  ur.iu'  with  ciilorli.e  a:..i 

(hn-Anine  directly:  ::     l...  ;-/.>■  iv-.ko  uji  Imln^gtn.  ::\;- 
jtodng  ethane. 

The  molecule  t.f  ;..»:■.;.,:.•.    ..:r..    lake    up   twic«   :i- 
gemeh  of  these  suVis::;:.  r.->  :->  ::.r  :i:"let;;le  oi  eihvlr:.:. 

CJI_  -ill_   >  .    11,. 
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Because  of  their  ability  to  UDite  with  hydrogen,  etc., 
to  form  marsh  gas  derivatives,  both  ethylene  and  acety- 
lene are  said  to  be  unsaturated,  to  distinguish  them 
from  methane  and  its  homologues,  which  are  saturated. 
We  explain  tlie  unsaturation  existing  in  the^e  com- 
pounds by  assuming  that  all  the  valences  of  the  carbon 
atoms  are  not  used. 

Ethylene  is  represented  by  the  graphic  formula 

IK  Al 

it/  \n 

acetylene  by  H  —  C  zj^  C  —  IT. 

The  homologues  of  ethylene  and  acetylene  contain  chains  of 
carbon  atoms  with  both  saturated  and  unsaturated  groups. 
Thus,  the  graphic  formula  of  hutylene  (see  table)  is 

n    II    H    H 


II  —  C  —  (  —  c  =  c . 

II    II  II 

463.  Closed  and  Open  Chains.  —  The  chains  of 
carbon  atoms  in  substances  already  described  are  called 
"  open "  chains  to  distinguish  them  from  groups  of 
atoms  in  rings,  which  are  called  "closed"  chains. 
The  polymethylene  and  benzene  derivatives  named  in  the 
table  contain  closed  chains. 

Thus,  the  graphic  formula  of  tetramethylene  is 

HgC  —  CII2 


HoC  — Clio' 
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.  CTT  =  on  X 

that  of  henzene.    ITC-;  ^CH. 

V  CTI  —  on  '^ 

IT('=:C'IIv 

In  thiophene^  \  ^S, 

lie  =  Oil/ 

a  sulphur  atom  forms  part  of  the  ring. 

464.  Benzene  Hydrocarbons.  —  In  §  223  it  was  stated 
that  l>enzene  is  obtained  from  coal  tar.  When  the  coal 
t^,r  is  distilled  it  yields  seveml  fractions  the  lower  of 
which  conbiin  benzene  and  tolnene,  while  higher-boiling 
portions  consist  of  xylene^  naphthalene^  ajithracenc^  etc. 

Benzene  is  a  colorless,  aromatic  liqnid  which  boils  at 
80°  C.  and  does  not  inix  with  water.  It  burns  with  a 
smoky  flame.  Solid  benzene  melts  at  6°  C.  Benzene 
is  used  as  a  solvent  and  as  a  source  of  benzene  deriva- 
tives, chiefly  nitrohenzenej  CgHgNOg  (</.  §  165). 

Nitrobenzene  is  a  yellow  liquid  boiling  at  205°  C. 
It  has  tlie  odor  and  taste  of  bitter  almonds. 

Toluene  is  methylhenzene^  OgllgCIIg.     It  hoils  at  110°. 

Naphthalene,  CjoITg,  is  a  white  solid  melting  at  79*^  and  boil- 
ing at  218°.  It  is  used  for  "  moth  balls  "  and  in  the  prepa- 
ration of  dyes.  It  reacts  with  bromine  according  to  the 
equation, 

C10H3  +  Br, »  CioIlTBr  +  IIBr. 

This  is  a  good  laboratory  method  for  generating  hydrobromic 
acid  ((/.  §  271). 

Anthracene,  CjoHi^,  is  a  white  solid  melting  at  213°  and 
})oilini!:  about  850°.  It  is  used  as  a  source  of  the  valuable  red 
dye  alizarin.,  which  occurs  naturally  in  madder  root. 
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Turpentine  is  a  resinous  substance  obtained  from  incisions 
in  the  bark  of  pines.  By  distillation  it  yields  oil  af  turpentine^ 
which  consists  largely  of  a  hydrocarbon,  CiqUiq  (cf.  §  H7). 
The  residue  is  rosin. 

465.  Petroleum.  —  Petroleum  is  a  thick,  oily  liquid 
obtaiued  from  the  earth  in  many  places.  It  consists 
essentially  of  a  mixture  of  hydrocarbons,  with  larger 
or  smaller  amounts  of  nitrogen  and  sulplnir  compounds. 
I'he  largest  deposits  are  in  the  Tnited  States  and 
Itussia,  but  it  occui's  also  in  Japan,  India,  and  Austria. 
In  1904  the  Tnited  States  produced  about  110,000,000 
barrels  of  the  crude  oil,  valued  at  about  'tl  00,000,000. 

It  is  uncertain  how  petroleum  was  produced,  whether  l)v  the 
decomposition  of  animal  or  plant  remains  or  by  th(^  action  of 
water,  mider  great  pressure,  upon  rarhidci^,  particuljirly  the 
carbide  of  iron. 

Aluminum  carbide  and  water  react  acc()rdin<j^  to  the  ecjuation, 

Al,(^3  +  12  IIoO »  4  A1(C)II)3  +  ;5  CIII4. 

Refining.  —  Some  crude  petroleum  is  used  as  a  fuel 
and  to  enrich  water-gas  (^ef,  §  224),  but  most  of  it  is 
refined.  The  petroleum  is  carried  from  tlie  wells  to  the 
refineries  tlirough  long  systems  of  pipes.  In  the  refin- 
ing process  it  is  shaken  successively  with  sulphuric 
acid,  caustic  soda  or  potash  solution,  and  water.  It  is 
then  distilled,  and  the  distillates  which  pass  over 
between  certain  degrees  of  temperature  are  collected 
by  themselves.  Thus  many  fractions  are  obtained. 
The  lowest  f motion  IkuIs  about  18°  (<.,  and  is  called 
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rhigolene.  This  is  used  as  a  refrigerating  agent.  Be- 
tween 18°  and  250®  gasoline^  benzine  (not  benzene), 
petroleum  ether,  kerosene,  etc.,  are  collected.  They  are 
used  as  fuels  and  solvents.  The  higher-boiling  products 
are  converted  into  mineral  lubricating  oils,  vaseline,  and 
paraffin  (white  wax).  Coke  remains  in  the  retort. 
Over  two  hundred  commercial  products  are  now  made 
from  petroleum. 

466.  Natural  Gas. — In  many  places  a  combustible 
gas  has  collected  in  large,  underground  "pockets,"  and 
is  released  by  drilling  wells.  The  gas  consists  largely 
of  methane  (^ef,  §  218),  and  is  carried  to  consumers  in 
pipes,  as  in  the  case  of  illuminating  gas.  The  value  of 
the  natural  gas  produced  in  the  United  States  in  1903 
was  nearly  |36,000,000. 

« 

467.  Alcohols.  —  The  alcohols  form  a  large  and 
important  class  of  organic  substances,  and  include 
several  homologous  series.  The  first  member  of  one  of 
these  series  is  methyl  alcohol,  CH^O,  and  its  second 
member  is  ethyl  alcohol,  CgHgO.  Methyl  alcohol  is 
called  "wood  spirit,"  because  it  is  obtained  in  the  dry 
distillation  of  wood  ((?/.  §  201).  It  boils  at  66°  C. 
Ethyl  alcohol  boils  at  78°  C.     Both  are  colorless  liquids. 

Tlie  alcohols  react  with  metals  much  as  water  does 
(cf,  §  46).  Thus,  ethyl  alcohol  and  sodium  produce 
sodium  ethylate  and  hydrogen. 

2  CgHgO  +  2  Na »  2  CgHgONa  +  Hj. 
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With  acids  the  alcohols  react  like  hydroxides  of  the 
metals,  giving  salU  and  water. 

CH4O  +  HNOg »  CHgNOg  (methyl  nitrate)  +  H2O. 

2  CjHeO  +  H2SO4 »  (C2H5)2S04  (ethyl  sulphate)  +  2II2O. 

These  equations  are  like  those  for  the  reactions  of 
potassium  and  sodium  hydroxides  with  the  acids  (^cf, 
§§  100  and  158),  consequently  the  alcohols  are  looked 
upon  as  hydroxides.  The  formula  of  methyl  alcohol 
is,  therefore,  written  CH3OH,  or 

H 

I 
H  — C  — O  — H, 

I 
H 

and  that  of  ethyl  alcohol,  CgHgOH  (cf.  §  262).  The 
group  CH3  is  the  radical  "methyl"  (cf.  §  148),  and 
methyl  alcohol  is  methyl  hydroxide.  The  radical  CgH^ 
is  called  "ethyl.'' 

Some  properties  of  the  first  five  alcohols  of  the  series 
are  given  in  the  table. 


Alcohol. 

Formula. 

Boiling 
Point. 

Specific 
Gravity 
AT  20°  C. 

Methyl 

Ethyl 

Propyl 

Butyl 

Amyl 

CHgOH 
CjHgOH 
C8H7OH 
C4H3OH 

66° 
.78° 

97° 
117° 
138° 

0.796 
0.789 
0.804 
0.810 
0.817 
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Both  etliyl  and  methyl  alcohols  burn  with  colorless, 
hot  flames.  They  mix  with  water,  dissolve  fats,  oils, 
and  gums,  and  are  used  in  the  manufacture  of  dyestuffs 
and  varnislies.  Ethyl  alcohol  is  used  as  a  solvent  in 
the  preparation  of  essences,  extracts,  perfumes,  and 
medicines.  It  is  also  used  to  preserve  anatomical  speci- 
mens. 

Ethyl  alcohol  solidifies  at  — 112.3°  C.  and  is  used  for 
thermometers  reading  below  the  freezing  point  of  mer- 
cury ( — 40°). 

468.  Preparation  of  Ethyl  Alcohol.  —  As  already 
stated  in  §  206,  a,  alcohol  is  formed  by  the  fermenta- 
tion of  sugar.  Before  cane  sugar  can  be  fermented  it 
must  be  changed  to  grape  sugar  (c/.  §  483).  The 
agent  of  alcoholic  fermentation  is  zymase^  a  ferment 
present  in  yeast. 

To  prepare  alcohol  on  a  large  scale  starchy  substances, 
such  as  potatoes,  grains,  rice,  etc.,  are  allowed  to  sprout 
and  develop  far  enough  to  change  much  of  their  starch 
into  sugar.  This  is  then  fermented  by  adding  yeast. 
Besides  alcohol  and  carbon  dioxide,  small  amounts  of 
fjlycerine  and  of  propyl^  butyl,  and  amyl  alcohols  are 
formed.  The  mixture  of  these  alcohols  is  called  "fusel 
oil." 

The  ethyl  alcohol  is  sepamted  from  most  of  the 
water  and  fusel  oil  by  distillation,  but  the  product  ("  95 
per  cent"  alcohol)  still  contains  from  four  to  ten  per 
cent  of  water.     This  may  be  almost  entirely  removed 
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by  distilling  the  commercial  alcohol  mth  lime.     The 
distillate  is  called  absolute  alcohol. 

469.  Liquors.  — Wines  are  prepared  by  allowing  the  ferments 
present  in  the  air  (cf.  §  114)  to  act  upon  the  juice  of  grapes. 
Jk»ers  are  produced  in  a  similar  way  from  hops  and  malt 
(sji routed  barley).  When  the  fermented  solution  contains 
from  10  to  14%  alcohol,  action  of  the  yeast  ferment  stops 
entirely.  Liquors  containing  a  larger  proportion  of  alco- 
hol have  been  distilled,  or  the  alcohol  has  been  added  directly. ' 
The  colors  and  flavors  of  liquors  are  due  to  substances  present 
before  fermentation  or  produced  while  the  liquor  stands  in 
casks,  or  to  foreign  substances  added. 

Beer  has  ordinarily  from  3  to  7%  of  alcohol  ;  wine,  5  to 
20%;  and  whiskey,  gin,  and  rum,  above  40%.  In  dilute 
form,  alcohol  acts  as  an  intoxicant ;  undiluted,  it  is  a 
poison. 

470.  Glycerine.' — CgHgOg.  —  Glycerine  is  a  sweet, 
colorless,  viscous  liquid  produced  by  the  hydrolysis  of 
fats  (cf.  §§  366  and  480).  It  is  soluble  in  alcohol  and 
in  water  and  absorbs  moisture  from  the  air.  It  is  used 
in  making  nitroglycerine  (^cf.  §  165),  soaps,  cosmetics, 
and  inks ;  also  as  a  food  preservative  and  a  lubricator. 
It  boils  at  290°  C. 

(flycerine  is  a  complex  alcohol.     Its  graphic  formula  is 

TI 

IT  — C  — OH 


H— c— on 

II  — C  — ( 


)II 
H 
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471.  Ethers.  —  If  R  represents  an  organic  radical^ 
ROH  is  the  general  formula  of  an  alcohol  (^cf,  table, 
§  467).  We  represent  an  ether  by  R — O^ — R,  or  RgO. 
If  tlie  R  of  RgO  is  Cfl^,  we  have  the  formula  of  rtiethyl 
ether ;  if  C^H^^  tliat  of  ethyl  ether.  For  methyl  ether 
see  §  262. 

Ethyl  ether,  (C2Hg)20,  is  also  called  "sulphuric 
ether."  It  Ls  a  colorless,  volatile  liquid  having  a  sweet 
odor.  It  boils  at  35°  C,  is  very  inflammable^  and  is  an 
excellent  solvent  for  organic  compounds.  Ether  is 
used  in  surgery  as  an  anaesthetic.  For  its  solubility  in 
water  see  §  134. 


FlO.  64. 


Preparation.  —  Ether  is  made  in  the  laboratory  (Fig.  64)  by 
lH'alJn<^  11  inixturo  of  ethyl  alcohol  and  sulphuric  acid  to  140° 
(//o/  hh/hcr)  and  koeping  it  at  this  temperature  while  adding 
lilrohol  hi  a  slow  stream  through  a  separator}-  funnel. 
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The  mixture  of  alcohol  and  ether  which  distills  off  is  redis- 
tilled carefully.  The  rubber  tube  attached  to  the  receiver  (see 
Fig.  64)  carries  any  uncondensed  vapor  of  ether  away  from 
flames.     The  equations  are  : 

1.  CgHgOH  +  H2SO4 »  CaHgHSO^  +  HjO. 

2.  C^HgOH  +  CgHsHSO^ »  (C2H5)20  +  II^SO^. 

C2H5HSO4  is  ethyl  hydrogen  sulphate  (vf,  §  103). 

472.  Aldehydes. — The  oxidation  of  ethyl  alcohol 
by  a  mixture  of  potassium  diehromate  and  dilute  sul- 
phuric acid  produces  acetaldehyde,  CH3CHO;  called, 
also,  simply  aldehyde. 

/OH  /Oil  /H 

CHgCH^        +0 »CH8CH(       ^CHgC;      +H2O. 

\H  \OH  ^O 

Aldehyde  is  a  coloriess  liquid  boiling  at  21°  C.  and 
very  soluble  in  water.  It  is  reduced  by  atomic  hydro- 
gen (<?/*.  §  254),  giving  ethyl  alcohol.  With  oxidizing 
agents  it  gives  acetic  acid, 

/H  /OH 

CH3C/         +0 ^CHgC^^  . 

^O    .  ^O 

Aldehyde  is  used  to  reduce  silver  solutions  i3ontaining 
ammonia,  as  in  the  "  silvering  "  of  mirrors  (^f.  §  415). 
The  name  "aldehyde"  is  derived  from  al(^cohoV)  de 
hyd(roffenatu8^,  i.  e.,  "  alcohol  deprived  of  hydrogen." 

Formaldehyde,  H^C  =  O,  is  made  by  the  oxidation 
of  methyl  alcohol.  The  laboratory  method  (Fig.  65)  is 
to  draw  air  through  warm  methyl  alcohol  and  then  to 
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tlraw  the  mixture  of  air  and  alcohol  vapor  over  heated 
copjier. 

CH.OH  +  O »  H,C  =  O  +  H,0. 


Formaldehyde  is  a  colorless,  irritating  gas,  very 
soluble  ill  water.  It  is  used  as  a  disinfectant  and  pre- 
servative. Formalin  is  a  40%  solution  of  fonnalde- 
lij-de. 

Benzaldehyde,  CgHgCHO  (see  table,  §  478),  is  tiie 
oil  of  bitter  almonds  found  in  almonds  and  cherry  ker- 
nels. It  has  a  pleasant  odor,  boils  at  179",  and  is  used 
as  a  flavor. 

473.  Halogen    Derivatives.     When    maish  gas  is 

treated  with  cliloriiie  in  diffused  light,  tlie  products  aiu 
met/n/l  chloride  (clilor methane)  and  hydroeldoric  acid. 

CII,  +  (.\ »  CHjCI  +  HCl. 

Under  proper  conditions  tlie  reaction  maj"  go  fur- 
ther, giving    dicMor methane    (OHj(;ij),  tricklormethaiie 


^CETIC  ACID,  419 

(CHCI3),  and  even  tetraehlormethane  (CCl^).  ^Methyl 
chloride  is  gaseous  at  ordinary  tempemtures  ;  the  othei^ 
are  colorless  liquids.  Trichlormethane  is  chloroform^ 
the  anaesthetic  {cf.  §  337 >     It  boils  at  63°  C. 

Chloroform  is  generally  prepared  by  the  action  of  bleaching 
powder  npon  alcohol  or  acetone^  (CH3)2CO.  It  may  also  be 
made  by  the  action  of  alkalies  upon  Moral  (trichloracetalde- 
hyde),  CCI3CHO. 

Chloral  is  made  by  the  acticm  of  chlorine  npon  alcohol ;  it  is 
a  liquid  with  a  disagreeable  odor.  Like  other  aldehydes  it 
combines  with  water,  giving  a  hifilrate.  Chloral  hydrate  is 
often  used  by  physicians  to  prcxluce  sleei). 

Iodoform,  CHI3,  is  analogous  to  chloroform.  It  is  a 
yellow  solid,  melting  at  119°.  It  is  used  as  a  surgical 
dressing. 

474.  Ol^anic  Acids.  —  The  organic  acids  are  oxi- 
dation products  of  the  corresponding  aldehydes.    While 

the  general  formida  of  aldehydes  is  R  —  C  ^       ,  that  of 

/  OH  ''  ( ) 

acids  is  R — C  .     The  acids  may  Ixi  mono-,  di-,  tri- 

^O 

basic,  etc.     The  hydrogen  of  the  CO. OH  group  is  the 

ionic  hydrogen  (c/.  §  351). 

» 

475.  Acetic   Acid.  —  Acetic    acid    Qrf.    §§  98    and 

201)  is  formed  by  the  dry  distillation  of  wood.  The 
crude  product  (pyroligneous  acid)  is  neutralized   with 
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lime  or  caustic  soda.  The  resulting  acetate  is  then 
purified  and  treated  with  concentrated  sulphuric  acid. 
The  reaction  is  like  that  between  chlorides,  etc.,  and 
sulphuric  acid  (^cf,  §  157). 

CHgC  X^         +  H2SO4 »  CHgC  X^        +  NaHSO^. 

^  ONa  ^  OH 

sodium  acetate  acetic  acid 

If  the  acetate  used  is  anhydrous  the  acid  is  obtained 
as  a  sharp-smelling  liquid  which  solidifies  to  coloriess 
crystals  melting  at  about  17°  C.  (glacial  acetic  acid). 
It  boils  at  118°  C.  and  mixes  readily  with  water. 

Sodium  acetate^  NaCgHgOg  +  3  HgO,  is  a  white  solid  used 
in  making  dyes.     It  loses  its  crystal  water  when  heated. 

Lead  acetate,  PbCgHgOg  +  3  HgO  (cf.  §  453),  is  used  in 
making   lead  chromate  (chrome  yellow)  and  in  dyeing  (§  449). 

Impure  iron  and  aluminum  acetates  are  used  as  mordants 
in  dyeing  and  in  the  printing  of  calico. 

Verdiyris,  used  for  a  blue  paint,  is  basic  copper  acetate. 

Paris  green,  an  arseno-acetate,  was  mentioned  in  §  312. 

476.  Formic  Acid,  HgCOg. — Formic  acid  is  found 
in  stinging  nettles  and  the  bodies  of  red  ants.  It  is 
prepared  by  heating  oxalic  acid  with  glycerine. 

H0C2O4 »  H2CO2  +  CO2. 

The  anhydrous  acid  melts  at  4°  C.  and  boils  at  100°. 
It  produces  blistei's  on  the  skin. 

477.  Vinegar.  — As  was  stated  in  §§  206  and  468, 
a  ferment  in  yeast  decomposes  sugar,  giving  alcohol  and 
carbon  dioxide.     If  the  dilute,  impure  alcohol  (wine  or 
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cider)  is  allowed  to  stand  in  the  air,  a  new  fermenting 
agent  ("mother  of  vinegar")  oxidizes  it  to  aldehyde 
and  acetic  acid.  The  dilute,  impure  acetic  acid  that 
results  is  vinegar. 

On  a  large  scale,  vinegar  is  made  in  casks  or  vats  filled  with 
shavings  and  perforated  so  that  air  has  free  access.  The  shav- 
ings are  "  inoculated  "  by  means  of  strong  vinegar,  and  the 
dilute  alcohol  is  allowed  to  trickle  over  them. 

478.  Other  Acids.  —  Acetic  and  formic  acids  are 
the  fii-st  members  of  an  homologous  series.  Tlie  relation 
l)etween  some  of  these  acids  and  the  corresponding 
hydrocarho7i8^  alcohols,  and  aldehydes  is  sliown  in  the 
table.  All  except  the  last  two  are  derived  from  marsh 
gas  hydrocarbons. 


Hydro- 
carbon. 

ALCOHOL. 

Aldeiitde. 

Acid. 
Formula.      Name. 

CH4 

H.CH^OH 

H.cno 

H.COOH         Formic. 

C,Hc 

CH^CHjOH 

CH3CH0 

CH3COOH      Acetic. 

CsHg 

CHcCHjOU 

CH5CH0 

CjHgCOOH     Propionic. 

CiHjo 

CaH^CIIjOH 

C3H7CHO 

CsHtCOOH     Butyric. 

C1BH34 

CibHsiCHjOH 

Cinli^jCHO 

Cir.Ha^COOn  Palmitic. 

Cl8"38 

C„H8bCH,0II 

o,7n,r.CHo 

CnHaaCOOH  Stearic. 

CisHso 

CivHssCOOH  Oleic. 

CHg 

CflHftCHxOH 

c«n,CHO 

CoHoCOOn     Benzoic. 

Butyric  acid  is  present  in  butter  as  the  glycerine  ester  (c/*. 
§  480)  and  is  set  free  when  the  butter  becomes  rancid. 

Benzoic  acid  is  a  white  solid  melting  at  121°  C.  and  sublim- 
ing when  heated. 
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Oxalic  acid  forms  white,  soluble  crystals  having  the  formula 
1120204.2  IlgO.  It  acts  as  a  reducing  agent  (cf,  §  444).  It 
is  used  in  some  of  the  processes  of  dyeing  and  photography, 
and  to  remove  ink  spots  and  rust  from  fabrics. 

Lactic  acid,  IIC3II5O3,  is  produced  by  the  fermentation  of 
milk  sugar  (c/.  §  483)  and  is,  therefore,  found  in  sour  milk.  It 
is  present  also  in  pickles  and  in  the  gastric  juice.  It  is  a  thick, 
colorless  liquid  which  decomposes  when  heated. 

Tartaric  acid,  IlgC^II^Og  {cf,  §  98),  forms  large  crystals. 
Its  potassium  hydrogen  salt  (^'  cream  of  tartar  "  ;  ^/.  §  206,  h) 
is  obtained  from  the  walls  of  wine  casks  as  a  dark  solid  called 
^•tartar"  or  ''  argol."  From  this  the  acid  is  prepared.  For 
^'  tartar  emetic  "  see  §  318. 

Malic  acid,  H2C4II4O5,  occurs  in  fruits.  It  forms  deliques- 
cent crystals  melting  at  100°. 

Citric  acid,  HgCellgO^  -f-  II2O,  forms  crystals  melting  at 
100°.  It  occurs  in  lemons,  oranges,  and  other  acid  fruits. 
Maynesinni  citrate  is  a  medicine. 

479.  Esters.  — Alcohols  react  Avith  acids  (cf,  §  467). 
producing  water  and  organic  salts^  or  esters.  Thus 
acetic  acid  and  alcohol  produce  ethyl  acetate  and  water. 

Cai,(  ()()II  +  IIOC.JT5  ', »  CII3COOC2H5  +  H2O. 

The  reaction  is,  however,  reversible :  water  saponi- 
fies the  ester  (^cf.  §  366).  To  make  the  formation  of 
tlie  ester  complete  we  remove  the  water  from  the 
"  sphere  of  action  "  by  means  of  concentrated  sulphuric 
acid.  Alkalies  and  dilute  acids  saponify  the  esters  more 
rapidly  than  water.  For  ethyl  acetate  and  sodium 
hydroxide  the  equation  is  : 

CIIgCOOCoITc  +NaOII »  CIIaCOONa  +  C0H5OH. 
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Many  esters  present  in  fruits  and  flowers  give  to  them  a 
characteristic  odor  and  taste.  Artificial  esters  are  often  used 
instead  of  the  natural  flavors  in  the  preparation  of  drinks, 
extracts,  and  perfumes.  Thus  ethyl  hutyrate  has  the  odor  and 
taste  of  pineapples  ;  mnyl  acetate,  that  of  bananas  ;  amyl 
valerianate,  that  of  apples. 

480.  Fats  and  Oils;  Soaps. — The  most  important 
esters  are  the  natural  fats  and  oils,  which  consist  essen- 
tially of  the  glycerine  esters  of  stearic,  oleic,  and  ^;a/- 
mitic  acids.  These  esters  are  called  stearin,  olein,  and 
palmitin,  respectively.  The  relative  amount  of  olein 
present  in  the  fats  largely  determines  their  fluidity, 
since  olein  is  liquid  at  ordinary  temperatures.  The 
other  two  estei^s  are  solids.  Tallow  and  beef-suet  are 
largely  stearin ;  palm  oil  is  largely  palmitin ;  lard  and 
olive  oil  contain  much  olein ;  wliile  hitter  is  a  mixture 
of  several  fats,  —  esters  of  palmitic,  stearic,  oleic,  butyric, 
caproic,  and  capric  acids.  1'he  last  two  have  the  for- 
mulas C5H11COOH  and  C9H19COOH,  respectively. 

Soap.  In  making  soaj)  (rf.  §  .-$66)  the  alkali  and  the  fat  are 
heated  in  large  kettles  until  the  fat  is  saponified.  The  soap 
remains  in  solution  until  salt  is  added,  which  makes  it  rise  to 
the  top  of  the  mixture.  The  salty  solution  is  worked 
up  for  glycerine,  while  the  soap  is  washed,  perfumed,  and 
colored,  or  ''filled"  with  borax,  sand,  etc.  It  is  then  cut 
into  bars  and  dried. 

Hard  soaps  consist  of  the  sodium  salts,  and  soft  soaps  of  the 
potassium  salts  of  the  organic  acids.  Palm  oil,  cocoanut  oil, 
tallow  and  lard  produce  white  soaps.  In  the  yellow  varieti(»s 
these  fats  are  mixed  with  rosin,  cotton-seed  oil,  bone  grease, 
etc.     Olive  oil  is  used  in  making  '^  Castile  "  soap. 
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481.  Amines.  —  Amines  are  composed  of  carbon, 
hydrogen,  and  nitrogen.  They  may  be  looked  upon  as 
ammonia  with  its  hydrogen  replaced  by  organic  radicals 
(jcf,  §  467).  Methylamine  (CHgNHg)  and  ethylamim 
(CgHg  NH2)  are  gases  much  like  ammonia.  They  are 
very  soluble  in  water,  and  unite  with  acids,  forming 
salts.  The  most  important  amine  is  aniline  (phenyl- 
amine),  CgHgNHg.  This  is  a  colorless  liquid  made  by 
reducing  nitrobenzene. 

CeHgNO^  +  3  H2 »  CeHjNH,  +  2  H,0. 

The  nitrobenzene  is  reduced  by  adding  to  it  tin  (or 
iron)  and  hydrochloric  acid.  The  resulting  aniline 
hydrochloride,  CgHgNHg.HCl,  is  a  white  solid  Uke 
ammonium  chloride  (^ef.  §  148).  It  is  decomposed  by 
caustic  soda,  liberating  aniline. 

Aniline  is  used  in  making  aniline  dyes  and  many 
other  organic  substances. 

482.  Alkaloids.  —  Alkaloids  are  nitrogenous  sub- 
stances occiu*ring  in  plants  and  often  used  in  medicine 
because  of  their  physiological  effect.  Chemically  they 
resemble  ammonia  :  they  unite  with  acids  to  form  salts, 
and  their  aqueous  solutions  are  alkaline. 

Quinine,  C20H24N2O2,  is  found  in  the  bark  of  cinchona  trees, 
and  is  used  to  reduce  fevers. 

Morphine,  Ci^HigNOg,  which  occurs  with  other  alkaloids  in 
opium,,  is  used  to  deaden  pain.  Opium  is  made  by  evaporat- 
ing the  sap  of  unripe  poppies.  Paregoric  and  laudanum  are 
prepared  from  it. 
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Strychnine  (CgiHjaNgOj)  and  hrudne  (C28H26N2O4)  occur  in 
nux  vomica. 

Cocaine  is  found  in  cocoa  leaves.  Its  salt,  C17H21XO4. 
HCl,  is  used  by  dentists  and  surgeons  as  a  local  anaesthetic. 

Theme  (or  caffeine),  CgHioN^Og  +  ^2^^  ^®  *^^  active  con- 
stituent of  tea  and  coffee. 

Nicotine,  C10H14N2,  occurs  in  tobacco  as  the  maUite. 

483.  Sugars. — Sugars,  starch,  and  cellulose  are  the 
most  important  substances  of  the  class  of  compounds 
known  as  carbohydrates.  The  most  common  sugar  is 
cane  sugar ^  which  is  made  from  sugar  cane  and  from 
beets.  '  Its  formula  is  CjgH^gOjj.  Isomeric  with  it 
(^cf.  §  262)  are  maltose  (malt  sugar)  and  lactose  (sugar 
of  milk).  When  cane  sugar  is  exposed  to  certain 
ferments,  or  heated  mth  dilute  acids,  it  is  hydrolyzed 
according  to  the  equation : 

C12H22O11  +  HjO »  CgHigOg  4-  C(jHi20e. 

glucose         fructose 

Maltose  decomposes  according  to  a  similar  equation, 
but  only  glucose  is  formed.  Lactose  gives  glucose  and 
galactose.  All  sugars  contain  (OH)  groups,  like 
alcohols  (cf,  §§  467  and  470). 

Milk  sugar  is  not  so  sweet  as  cane  sugar.  It  forms 
hard,  white  crystals,  and  is  used  for  prepared  foods  and 
homeopathic  pellets.  The  lactic  acid  ferment  decom- 
poses it  (cf.  §  478). 

Cane  sugar  melts  at  about  160°  C.  At  about  200° 
it  forms  a  brown  substance  called  caramel,  wliich  is  used 
as  a  coloring  for  foods  and  liquors. 


426  SOME   CARBOir  COMPOUNDS. 

484.  Manufacture  of  Cane  Sugar.  —  Cane  sugar,  or 
sucrose^  is  prepared  from  the  cane  by  crushing  it  and 
boiling  the   juice  with  lime.     The    lime    clarifies    the 
juice.     After  filtration  the  sugar  solution  is  evaporated 
until  a  cooled  sample  begins  to  crystallize.     The  evapo- 
ration is  then  continued  in  "  vacuum  pans,"  so  that  the 
water  distills  oflf  at  a  temperature  below  that  at  which 
it  would  boil  under  atmospheric  pressure  (^cf,  §  290). 
The  crystals  of   sugar  are  separated   from   the    liquid 
(molasses)  by  rotating  the  mixture  in  funnel    shaped 
sieves    through  which  only  the    molasses    can    escape. 
Raw  or  brown  sugar  is  thus  obtained.     The  preparation 
of  sugar  from  beets  takes  place  in  a  similar  way. 

The  second  oj^eration  is  the  refining  of  raw  sugar. 
Ill  this  process  the  mw  sugar  is  dissolved  in  hot  water, 
tlie  solution  is  stirred  by  blowing  air  through  it,  and 
coagulating  substances  are  added  to  collect  the  impuri- 
ties. Animal  charcoal  is  used  to  make  the  solution 
colorless  (c/.  §  201).  The  resulting  syrup  is  then  con- 
centrated in  vacuum  pans  and  left  in  tanks  until  it 
crystallizes.  Finally  the  crystals  of  sugar  are  sepai-ated 
from  the  adhering  syrup  in  centrifugal  apparatus  and 
dried  carefully  for  the  market. 

485,  Glucose  and  Fructose.  —  G-lucose,  CgHigOg,  — 
also  called  dextrose  and  grape  sugar,  —  is  a  whit«» 
crystalline  solid  less  sweet  than  cane  sugar.  It  melts 
at  about  150°  C.  Glucose  is  found  in  grapes,  and, 
therefore,*  in    raisins.     It    occurs    in    the    seeds,  roots, 
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leaves,  and  blossoms  of  plants,  and  is  formed  by  the 

liydrolysis  of  sucrose,  maltose,  and   lactose.     Glucose 

reduces  alkaline    copper  solution  (Fehling's  solution) 

giving  cuprous  oxide  (jcf,  §  410). 

Fruetose  (levulose  or  fruit  sugar)    is  isomeric  with 

glucose.     It  is  a  white  solid,  melting  at  107^-109°,  and 

is   almost  as   sweet    as   sucrose.     Both    glucose    and 

fructose  are  fermentable. 

Commercial  glucose  is  made  by  heating  starch  with  dilute 
sulphuric  acid.  This  hydrolyzes  the  starch,  giving  several 
intermediate  products,  and  finally  glucose.  The  part  that 
crystallizes  out  is  called  "  grape  sugar,-'  while  the  colorless 
syrup  is  called  "  glucose  "  or  '-  mixing  syrup.''  '*  Glucose  "  is 
used  in  the  preparation  of  jellies,  candy,  and  syrups. 

486.  Glucosides.  —  While  in  cane  sugar  and  milk 
sugar  glucose  is  combined  \vith  fructose  and  galactose, 
respectively,  in  many  other  natui-al  compounds  it  is 
combined  with  benzene  derivatives.  These  are  called 
glucosides.  Amygdalin,  the  tannins,  and  indican  are 
examples. 

Amygdalin^  CgoHg^NOjj,  is  found  in  bitter  almonds 

and  in  the  kernels  of   many  fruits,  such  as    peaches, 

cherries,  and  plums.     The  ferment  emulsin  and   dilute 

acids    decompose    it   into  glucose,   prussic    acid,   and 

benzaldehyde. 

C^oH^^NOn  +  2  H^O >  2  CeHjoOc  +  HCN  +  CeH.CHO. 

Tannins  are  found  in  the  bark  and  leaves  of  many  plants. 
The  chief  sources  are  hemlock  and  oak  bark,  but  they  occur 
also  in  tea,  sumach,  gall  nuts,  etc.  Not  all  of  the  tannins  are 
glucosides. 
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484.  Manufacture  of  ^  ^^  a^^ii^ty  *«  ^<^^^  ''';^ 

mcrose,  is  prepared  //'rming  j  ac  -,  gret  . 

,    ...  ,       .\  /»/ii  salts.     Thevarethcr^ 

lK)iling   the    juice  .,ml  in  making  inks.    Th-V 

juice.     After  fil*  wing  (cf.  §  426). 

until  a  cooled  , /t^und  in  the  tannins  are  j/"?^''" 

mtion  is  tin-  V(tannin),  C^^n^fiy. 

water  di.-^  •**''"^  '"  certain  plants.     WIumi  f  •-'i- 

j„ith  dilute  acids,  it  breaks  down  ix  :»-to 
'^  ^^'^^"*  '^'fhe  well  known  dvestuflf.     Indigo  I  :ma.s 

rill  jliSKr  '  . 

-"le  (•  "^'v^^r    It  is  now  prepared  svntheticallv"    in 

(un.I 

SIC 
// 


fc  ^Starch  is  found  ingrains,  potatoes, 
jf  ^i(  is  made    from  maize  and   potatoes       hy 
'   ^^  'ftefl'  ^^  powdered  form,  adding  water,  tiijd 
•  ' '  "*rfii^  «tarfh,  which  is  pmcticallv  insoluble,  fi'^mj 
•'•'^**^' «  oiL  i"id  cellulose  with  which  it  is  mixed, 
f**^  L  fpnsisis   of   small   grains    of   vaiied  appear- 
ffcrf  irater  rauses  the  grains  to  swell  and  bui'st. 
*"*  i^alnng  starch  paste  dissolves  (cf\   Experiment 
'ijVf  ^     ^taivh  is  used  in  foods,  in  making  cloth, 

•  ^^  luJ  srl"^'^*^tS  and  f«)r  "staivhing"  clothes.     The 

ftlitfi*  *^  ^^^*''''*^^  ^^  (^'6"io05:)n  +  H,0.     The  value 

#  ^  fe  iK>t  known. 

jIgStriB  is   formed    from   starch    by    the    action  of 

jiluie  *?i^l*-     'J'he  sticky  solution  (impure  dextrin)  is 
^  fyr  mucilage. 

»*•*  "*  '"*^*^'  *'^^»»i  rtour  ]>y  the  fermenting  action  of  yeast. 
^•|j^  tfour  i-oiisists  lar-oly  of  starch  (iibout^TO^i,)  with  about 
^yi  WH-h  ot  watiT  and  -Uiten,  besides  small  amonnts  of  salts 
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When   flour,  water  (or  milk),   and  yeast   are 

.  a  (lough  and  set  in  a  warm  place,  the  yeast  changes 

resent  as  such,  or   produced   from   the   starch)  into 

1  and  carbon  dioxide,  and  the  bread  "  rises."    In  baking, 

yeast  is  killed;   water,  carbon  dioxide,  and  alcohol  escape, 

uid  the  starch  on  the  outside  of  the  bread  is  partly  changed 

DO  dextrin,  forming  the  crust. 

488.  Cellulose  (CgHi^Og),.  —  Cellulose  is  the  basLs 
3f  vegetable  tissue,  since  it  forms  the  walls  of  plant  cells. 
Cotton,  linen,  and  paper  are  almost  wholly  cellulose. 
Swedish  filter  paper  is  a  purified  form.  Cellulose  is  an 
imorphous,  wliite  substance  insoluble  in  most  solvents. 
When  treated  Avith  concentrated  sulphuric  acid  and 
then  with  water  it  breaks  down  into  glucose.  Like 
ilcohols,  cellulose  reacts  \vith  acids  to  form  esters. 
The  nitric  acid  esters  were  mentioned  in  §  165.  Collo- 
dion is  nitrocellulose  dissolved  in  alcohol  and  ether. 
When  the  solvent  evaporates  it  leaves  a  thin  film  of 
nitrocellulose.  Collodion  can  thus  be  used  to  protect 
wounds  and  to  attach  silver  salts  to  photographic  plates 
Of.  §  417). 

Paper  is  made  from  rags,  wood,  or  straw.  The  process 
consists  of  several  stages  : 

1.  Reducing  the  raw  material  to  pulp  and  drying  and  press- 
ing the  pulp. 

2.  Mixing  the  pulp  with  clay  or  gj-psum  (*'  filling  ")  to  give 
the  paper  a  close  texture. 

3.  "  Sizing  "  pulp  that  is  to  be  converted  into  printing  or 
writing  paper,  so  that  the  ink  will  not  spread.  Gelatin,  rosin, 
or  alum  is  used  for  this. 
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4.  Polishing  the  paper  by  passing  it  between  rollers. 

The  conversion  of  wood  into  pulp  is  accomplished  by  first 
reducing  it  to  chips  and  then  heating  the  chips,  under  pressure, 
with  sodium  hydroxide  or  calcium  acid  sulphite  ("  bisulphite  "; 
c/.  §  193).  Newspaper  and  wrapping  paper  are  generally 
unsized  ;  blotting  and  tissue  papers  are  neither  sized  nor  filled. 

489.  Phenol  and  its  Derivatives.  —  Phenol,  or 
hydroxyhenzerie^  C^HgOH,  is  found  in  coal  tar  (^cf.  §  223). 
It  is  a  white,  crystalline,  low-melting  solid,  which  burns 
the  skin  and  is  poisonous.  Its  aqueous  solution  is 
used  as  a  disinfectant.  Phenol  reacts  with  alkalies  to 
give  salts ;  it  is  sometimes  called  carbolic  acid. 

Salicylic  Acid.  When  the  sodium  salt  of  phenol  is 
treated  with  carbon  dioxide  at  120°,  under  pressure,  the 
two  unite  to  give  sodium  salicylate^  CgH^OH.COONa. 
This  is  used  in  medicine.  Salicylic  acid  is  a  white 
solid  melting  at  156°  and  used  as  a  preservative.  Its 
methyl  ester,  CgH^OHCOOCHg,  is  present  in  oil  of 
wintergreen. 

Picric  Acid,  or  trinitrophenol,  0qH2(NO2)3OH,  is 
made  from  phenol  and  fuming  nitric  acid.  It  is  a 
yellow,  soluble  solid  used  as  a  dye.  Some  of  the 
picrates  are  used  in  making  explosives. 

Hydroquinone,  Cq11^{011\,  and  pyrogallic  acid, 
CgH3(OH)3,  are  di-and  tri-hydroxybenzene,  respectively. 
They  are  soluble,  white  solids.  Both  are  reducing 
agents  and  are  used  as  developers  in  photography 
(cf,  §  417).  PyrogaUic  acid  (also  called  pyrogallol)  is 
used  to  absorb  uncombined  oxygen  in  gas  analysis. 


LABORATORY   DIRECTIONS. 

(For  the  Student.) 

J.  Provide  yourself  with  an  apron  and  a  pair  of  sleeves 
(rubber  is  the  best  material  for  these)  ;  also  witli  soap  and 
towel,  and  a  white  cloth  about  a  yard  sciuare.  The  cloth  is  to 
be  used  for  wiping  apparatus. 

2.  AVork  by  yourself ;  and  give  your  own  descriptions,  ob- 
servations, and  calculations,  not  those  of  another. 

8.  Record  at  once  all  the  observations  you  make  in  connec- 
tion with  an  experiment.  See  that  your  notes  contain  tlie 
answer  to  every  question,  direct  or  implied,  that  occurs  in  the 
laboratory  exercise.  Write  neatly  and  distinctly.  If  the  notes 
of  two  experiments  occur  on  the  same  page,  separate  them  by 
at  least  two  centimeters  of  space. 

4.  Have  a  place  for  everything.  Throw  away  nothing  until 
you  are  sure  you  are  through  with  it.  Throw  nothing  but 
liquids  into  the  sink.  Put  other  waste  materials  into  the  proper 
receptacle. 

5.  If  an  experiment  is  unsatisfactory,  repeat  it  until  you  are 
successful ;  but  first  learn  the  probable  cause  of  your  error. 

G.  When  you  enter  the  laboratory,  examine  your  table,  and 
see  that  everything  has  been  left  as  it  should  be  by  the  persons 
who  share  the  table  with  you.  If  anything  is  wrong,  report 
the  fact  at  once  to  the  instructor. 

When  you  leave,  see  that  the  water  and  the  gas  are  turned 
off,  and  that  everything  on  your  table  is  in  good  order. 
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LABORATORY  EXERCISES. 


EXPERIMENT   L 

THE  BUHSEF  BURJNKR. 

Apparatus,  —  Bunsen  burner,  test  tube,  test-tube  holder  (see 
uote  below). 
Materials.  —  Matches,  water. 

a.  Examine  carefully  the  Bunsen  burner  on  your  desk. 
Take  it  apart,  and  draw  a  sketch  of  each  part 

b.  Put  the  burner  together,  close  the  holes  at  the  base, 
and  connect  with  gas  supply. 

To  light  the  burner,  turn  on  the  gas  and  then  hold  a 
lighted  match  near  the  side  of  the  burner  and  about  one- 
half  a  centimeter  below  its  mouth.  Note  the  character  of  the 
flame;  is  it  luminous  or  not?  Now  open  the  holes  care- 
fully until  the  luminous  region  has  just  disappeared.  This 
is  the  "  Bunsen  "  flame.  For  most  work  it  should  be  7  to  10 
centimeters  (3  to  4  inches)  high.  The  holes  of  the  burner 
should  be  open  far  enough  to  prevent  a  deposit  of  soot  upon 
the  object  heated,  but  not  far  enough  to  cause  the  flame  to 
mak^  a  noise. 

c.  Introduce  quickly  into  the  center  of  the  Bunsen  flame, 
one-half  a  centimeter  above  the  burner,  the  head  end  of  a 
match.     B.esult?    Is  the  gas  in  this  region  burning  ? 

1 
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To  heat  an  object  effectively^  place  it  higher  up  in  the 
flame ;  the  best  place  is  just  above  the  apex  of  the  dark, 
inner  cone  of  unburned  gas.     Locate  this  region. . 

d.  Put  5  c.c.  water  into  a  test  tube,  and  make  a  note  of 
the  height  of  the  column  of  water  in  centimeters.  When- 
ever you  are  asked  to  take  2,  5,  10,  etc.,  cubic  centimeters 
of  anything,  refer  to  this  exporiment,  and  use  the  length  of 
the  column  just  measured  as  your  unit, 

e.  Heat  the  water  in  the  test  tube  to  boiling.  To  do  this 
properly  have  the  outside  of  the  tube  dry  ;  hold  the  tube 
in  the  holder,  and  incline  the  tube  at  an  angle  of  about  45° 
to  the  table  top.  Then  introduce  the  bottom  of  the  tube 
into  the  effective  region  (cf.  c)  of  the  flame.  IIea;t  0)ily 
the  part  of  the  tube  containing  the  liquid ;  if  the  flame 
stiikes  the  glass  above  the  liquid  level,  the  tube  may  crack. 

Do  not  hold  the  tube  stiU^  but  move  it  gently  in  the 
flame.  When  boiling  begins,  raise  the  tube  a  little  above 
the  flame,  —  always  keeping  it  inclined,  —  so  that  the  water 
mav  not  "  boil  over." 

f.  These  directio?is  are  general,  and  will  apply  whenever 
you  heat  liquids  in  test  tubes. 

Note.  —  A  verv  convenient  test-tube  holder  can  be  made  bv 
folding  a  piece  of  Avriting  paper  twice,  so  as  to  produce  a  strip 
about  1  cm.  wide  and  10  to  15  cm.  long.  This  is  placed  about 
the  tube  like  a  holder.  The  free  ends  are  held  together  close 
to  tlie  tube. 
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EXPERIMENT   II. 
CUTTING  AND  BENDING  GLASS  TUBING- 

Apparatus.  —  Bunsen  burner,  "  wiug-toi)  "  or  illuminating 
gas  burner,  file. 

Materials,  — Piece  of  soft  glass  tubing  more  than  15  cm. 
long. 

a.  Cut  off  a  piece  of  glass  tubing  15  cm.  long.  To  'do 
this,  make  on  the  tubing  a  file  mark  in  a  plane  perpendicular 
to  the  length  of  the  tubing ;  grasp  the  tube  in  both  hands, 
and  place  the  thumb  nails  together  oj)posite  the  scratclu 
By  pushing  gently  with  the  thumbs  and  at  the  same  time 
puUitig  toith  the  Jmuds  you  will  succeed  in  breaking  the 
tubing  so  that  the  ends  are  fairly  regular. 

h.  Round  off  both  ends  of  the  15  cm.  tube  by  turning 
them  about  in  the  proper  region  of  the  l^unsen  flame  until 
the  edges  become  red  hot.     Let  the  ends  cool. 

c.  Bend  the  15  cm.  tube  at  its  middle  into  the  form  of  a 
right  angle.  For  this  puqiose  use  a  flat  IJunsen  flame  — 
produced  by  a  "wing- top"  attachment  —  or  a  flat  illumi- 
nating flame. 

Take  the  tube  in  both  hands,  one  at  each  end,  and  hohl 
its  central  part  lengthwise  loith  and  over  the  flat  flame.  At 
the  same  time  twirl  the  tube  between  thumbs  and  fore- 
fingers. Then  lower  the  tube  —  keep  turning  it  —  into  the 
upper  part  of  the  flame,  and  heat  until  you  find  that  the  glass 
is  fairly  soft     Then  bend  gently  to  a  right  angle. 

d.  If  you  used  the  Bunsen  flame,  anneal  the  glass  at  the 
bend  by  closing  the  holes  of  the  burner  and  allowing  the  hot 
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glass  to  cool  first  in  the  smoky  flame.  When  the  bend  is 
covered  with  soot,  support  it  so  that  it  will  not  touch  a 
cold  object.     When  the  tube  is  cold,  wipe  off  the  soot. 


EXPERIMENT   III. 
EFFECT  OF  HEAT  UPON   "RED  PRECIPITATE.'* 

Apparatus.  —  Small  ignition  tube  of  hard  glass,  rubber  con- 
necting tube,  delivery  tube,  pneumatic  trough,  test  tube,  ring 
stand,  clamp. 

Materials.  —  Tine  splinter,  red  precipitate. 

a.  Ill  a  small  tube  of  hard  glass  sealed  at  one  end  and 
about  10  cm.  long  —  "  ignition  tube  "  —  place  a  layer  of  red 
precipitate  )iot  more  than  one-half  a  centimeter  thick. 

In  a  basin  containing  water,  invert  a  test  tube  of  water. 
See  that  no  air  bubbles  remain  in  the  test  tube.  Vessels 
for  holding  water  over  which  gases  are  collected  are  called 
"  I)neumatic  troughs." 

Attach  to  the  ignition  tube  by  means  of  a  piece  of  rubber 
tubing  a  delivery  tube  long  enough  to  reach  to  the  bottom 
of  the  pneumatic  trough.  Support  the  ignition  and  deliv- 
ery tubes  so  that  the  closed  end  of  the  ignition  tube  is  only 
a  little  lower  than  its  other  end,  and  so  that  the  red  precipi- 
tate may  be  heated  in  the  hot  portion  of  the  Bunsen  flame. 

h.  Befjiih  to  heat  sloiohj^  keeping  the  flame  in  motion. 
Note  any  change  in  color  of  the  red  precipitate.  Afterward 
heat  strongly  with  a  steady  flame  until  all  of  the  powder 
disappears.  Collect  over  water  anything  that  escapes  from 
the  dehvery  tube  by  allowing  it  to  displace  the  water  of  the 
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test  tube.     When  the  operation  is  over,  remove  the  delivery 
tube  from  the  water  before  removing  the  flame.     Why*:* 

c.  Cover  the  mouth  of  the  test  tube  under  water  witli  the 
thumb,  remove  tube  from  water,  invert,  and  introduce  a 
l)ine  splinter  with  a  spark  on  the  end  of  it  Result  ?  Is 
the  gas  in  the  test  tube  air? 

d.  When  the  ignition  tube  is  cool,  invert  it  and  strike  its 
open  end  sharply  against  the  table.  Result?  What  sub- 
stance is  this  ?  On  what  part  of  the  tube  did  it  collect  ? 
Why? 

6.  If  by  a  chemical  change  we  mean  one  in  which  at  least 
07ie  new  substance  is  formed,  would  you  call  this  a  chemical 
change,  or  not? 


EXPERIMENT  IV. 
SOLUTION,  FILTRATION,  AND  EVAPORATION. 

Apparatus.  — Glass  rod  15  cm.  long  (unfinished),  file,  two 
beakers  of  about  50  c.c.  capacity,  ring  stand,  wire  gauze,  fun- 
nel, funnel  support  (small  ring  of  ring  stand),  evaporating  dish. 

Materials,  —  Coarse  salt,  filter  paper. 

a.  Make  a  glass  stirring  rod  15  cm.  long,  cutting  off  a 
piece  from  a  larger  one,  just  as  in  Experiment  II,  a.  Round 
o£E  both  ends  in  the  flame. 

b.  Put  into  a  beaker  about  20  c.c.  cold  water,  add  5  grams 
salt,  and  heat  the  beaker  over  the  flame  until  its  contents 
boil.  Before  heating  the  beaker  see  that  it  is  dry  on  the 
outside,  then  place  it  upon  a  wire  gauze  supported  on  the 
ring  stand.  Move  the  flame  about  under  the  ga^ize  until 
the  beaker  has  become  warm ;  then  put  the  burner  under 
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the  center  of  the  beaker.  The  height  of  the  gauze  above 
the  burner  should  be  so  great  that  the  bottom  of  the  beaker 
may  be  a  little  above  the  apex  of  the  dark  inner  region  of 
the  flame. 

Note.  —  Always  follow  these  directians  when  you  are  heating 
a  l>eaker.  au  evaporating  dish,  or  a  flask,  unless  there  is  some 
special  reason  for  not  doing  so.  What  becomes  of  the  salt? 
Of  the  dirt? 

c.  Xext,  ^filter  the  solution.  You  need  a  funnel,  a  support 
(see  above),  a  filter,  the  glass  rod  made  in  a,  and  a  second 
beaker. 

Fold  the  circular  filter  twice  in  lines  at  right  angles  to 
each  other.  Press  the  folded  edges  between  thumb  and 
forefinger,  but  not  between  the  nails.  Open  the  filter  so 
that  it  shall  form  an  inverted  cone  which  just  Jits  the  fun- 
nel. One-lialf  of  the  conical  surface  is  made  up  of  three  of 
the  quarters  into  whiph  the  paper  was  folded ;  the  remain- 
ing quarter  of  the  paper  makes  up  the  other  half  of  the 
cone. 

d.  Hold  the  filter  in  place  in  the  funnel,  and  wet  it  com- 
pletely ;  it  should  adhere  everywhere  to  the  inner  surface 
of  the  funnel,  and  its  j)oint  should  extend  a  little  into  the 
stem  of  tlie  funnel. 

Pour  the  salt  solution  down  the  glass  rod  to  the  filter. 

The  glass  rod  should  touch  the  lip  of  the  beaker ;  and 
the  stem  of  the  funnel  should  touch  the  side  of  the  beaker 
beneath  it. 

Always  folloio  these  directions  in  filtering  an  insoluble 
solid  from  a  solution. 

e.  Does  anything  remain  on  the  filter?  We  call  it  the 
residue.     What  passes  through  is  th&  filtrate. 
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A  substance  which  remains  mixed  with  a  liqui<l,  but  not 
dissolved  in  it,  is  said  to  be  "  suspended  in,"  or  "  held  in 
suspension  by  "  the  liquid. 

A  suspended  substance  becomes,  after  filtration,  a  residue, 

f.  Pour  the  filtrate  of  c  into  an  evaporating  dish,  and 
heat  (for  precautions,  cf.  b)  over  the  flame.  Boil  off  the 
water  until  a  solid  begins  to  separate  out ;  then  set  the  dLnh 
aside  until  it  is  cold,  or  until  the  next  laboratory  period. 
What  is  the  solid  obtained  ? 

Is  this  separation  of  the  salt  from  the  dirt  a  physical  oi 
a  chemical  operation? 


EXPERIMENT  V. 
HYDROGEN. 

Apparatus,  — Generating  flask,  or  bottle  of  250  c.c.  capacity, 
two-holed  stopper,  funnel  tube,  right-auglod  tube,  rubber  con- 
nector, delivery  tube,  pneumatic  trough,  squares  of  glass  or  of 
cardboard,  two  or  more  wide-mouth  collecting  bottles  (250  c.c). 

Materials.  —  Zinc,  dilute  sulphuric  acM  (one  part  by  volume 
of  acid  to  four  volumes  of  water),  pine  splinter,  cupric  sulphate 
solution. 

a.  To  a  250  c.c.  flask  containing  enough  zinc  to  cover  the 
bottom  fit  a  two-holed  stopper.  One  of  tlie  holes  is  for  a 
funnel  tube  reaching  to  within  one-half  a  centimeter  of  tlie 
bottom  of  the  flask  when  the  stopper  is  in  place  ;  the  other 
hole  contains  a  bent  tube  attached  by  a  rubber  connector  to 
a  delivery  tube.  The  delivery  tube  reaches  to  a  pneumatic 
trough  containing  two  bottles  filled  with  water  and  inverted. 
The  level  of  the  W9,ter  in  the  trough  should  be  about  two 
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Wlot  two  A<fw  pro»laiete  resnlteil  iraHt  tine  acttioa  <^  zinc 
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board  cover,  and  invert  quickly^  so  as  to  lose  none  of  the 
water  in  the  bottle. 

Bring  a  flame  to  the  mouth  of  the  bottle  at  once.  Re- 
sult? 

The  gas  is  hydrogen.  The  other  product  of  the  reaction 
is  magnesium  sulphate ;  it  remains  in  solution. 

e.  Get  the  volume  of  the  water  remaining  in  the  bottle  by 
means  of  the  graduated  vessel  Then  obtain  by  difference 
the  volume  of  hydrogen. 

To  get  the  weight  of  the  hydrogen  multiply  its  volume 
in  cubic  centimeters  by  the  weight  of  1  c.c.  (iet  the 
weight  of  1  C.C.  under  the  conditions  of  tlie  experiment 
fi'om  the  teacher.     What  is  your  result? 

f.  Solve  the  following  proportion  for  x  :  weight  of  mag- 
nesium :  weight  of  hydrogen  ::  a; :  1.  Result?  x  will  bo 
the  equivalent  of  magnesium,  i.  e.,  the  numher  of  yntnta 
of  magnesium  required  to  liberate  1  gram  of  hydrogen  (in 
this  case  from  dilute  sulphuric  acid). 


EXPERIMENT  VIL 
OXYGEN. 

Apparatus,  — Mortar  and  pestle  (?),  test  tubes,  rin^  stand 
and  clamp,  one-holed  stopper,  delivery  tube,pneum«iti(;  tr(>u<^li, 
3  collecting  bottles,  glass  or  cardboard  cover,  deflagration 
spoon. 

Materials, — Powdered  potassium  chlorate  and  maiigfineHo 
dioxide,  pine  splinter,  sulplmr,  iron  wire  (picture  cord)  at 
least  15  cm.  long. 
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a.  On  a  clean  piece  of  writing  paper  mix  carefully  6 
grams  powdered  potassium  chlorate  with  5  grams  powdered 
manganese  dioxide.  If  the  substances  are  not  found  in 
powdered  form  in  the  laboratory,  grind  them  separately^  in 
clean  mortars,  before  mixing. 

h.  Before  you  use  the  whole  mixture,  test  the  quality  of 
a  sample  (1  c.c.)  by  heating  it  gently  in  an  open  test  tube. 
If  there  is  any  evidence  of  violent  combustion^  or  if  large 
sparks  appear,  reject  the  mixture,  and  make  a  fresh  one.  A 
few  small  sparks  indicate  only  traces  of  dust,  etc. 

c.  If  the  mixture  is  satisfactory,  put  it  into  a  test  tube 
supported  by  a  clamp  attached  to  a  ring  stand.  The  test 
tube  is  then  fitted  with  a  one-holed  stopper  and  a  delivery 
tube  reaching  under  water  in  a  pneumatic  trougL 

Have  3  bottles  filled  with  water  and  inverted  in  the 
trough. 

d.  Heat  the  test  tube  gently  from  the  top  of  the  mixture 
downward  Regulate  the  flame  so  as  to  keep  the  evolution 
of  gas  steady^  hut  not  violent,  JTe^  the  flame  in  motion^ 
so  as  not  to  soften  the  glass. 

When  the  collecting  bottles  are  full,  first  take  the  delivery 
tube  out  of  the  water,  and  then  remove  the  flame.  Why 
this  precaution  ? 

The  gas  is  oxygen. 

e.  Into  one  bottle  of  the  gas  put  a  glowing  splinter  as  in 
Experiment  III,  h.  Result  ?  Gradually  lower  the  splinter 
into  tlie  bottle  until  combustion  stops.  What  becomes  of 
the  splinter  ?     Of  the  oxygen  ? 

To  the  contents  of  the  bottle  add  5  c.c.  calcium  hy- 
droxide solution  (Ume-water),  cover  with  the  hand,  and 
shake  vigorously.     Result? 
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f,  Note  the  odor  of  the  gaa  in  the  second  bottle.  Then  jmiI 
into  the  bottle  a  deflagrating  spoon  containing  Inirning  siil- 
phiir.     Light  the  sulphur  by  holding  the  sjioon  in  a  flame. 

Have  a  cardboard  cover  ^dth  a  small  hole  for  the  handle 
of  the  deflagrating  spoon,  and  keep  the  bottle  covered  untU 
combustion  stops.     Results? 

What  becomes  of  the  sulphur?  Of  the  oxygen?  Note 
the  odor  of  the  gas  now  in  the  bottle.  Df^es  this  gas  hui*- 
portrthe  combustion  of  a  splinter?     Try  it 

^.  Have  the  third  bottle  of  oxygen  covered  and  net  up- 
right on  the  table.  Draw  aside  the  cover  for  a  rnofnent 
while  you  pour  in  5  cc  sand ;  then  replace  the  cover. 

Melt  the  sulphur  left  in  the  deflagrating  spoon,  and  dip 
into  it  one  end  of  a  piece  of  iron  picture  cord.  IJght  the 
sulphur  tip,  and  at  once  hold  the  iron  wire  in  the  l^ittle  of 
oxygen.  Result?  Keep  the  iiare  in  the  gaM  until  a<iion 
ceases.  Describe  the  product  Why  was  the  iron  tipjM;d 
with  sulphur? 

EXPERDIENT   VIII. 
KIHDLniG  TEKPERATITRE. 

Apparatus.  —  Wire  gauze  at  least  L^  ':rn,  h4{\v^fH,  J^inr<;i' 
burner,  tongs. 

Material.  —  ^Matches. 

a.  Hold  the  wire  gauze,  by  rneafu  of  your  t^>ng»<,  7  cnj. 
above  the  Bunseii  burner.  Have  the  hole*,  of  the  huruer 
open  as  for  the  Bnnsen  flame.  Xoh'  turn  on  tlie  ^a**  and 
bring  a  bonuDg  match  from  a&oce  down  U}  the  ^'MuU^r  of 
the  gaxize.    Remit? 
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Why  does  not  the  gas  hdoto  the  gauze  take  fire?  Is 
there  gas  below  the  gauze  ?    Prove  it 

b.  Let  the  gauze  cool ;  and  then  bring  it  down  upon  the 
Bunsen  flame  until  the  gauze  is  6  to  7  cm.  above  the  top  of 
the  burner.  Result?  Hold  the  gauze  in  place  until  it  be- 
comes red  hot     Result  ?    Explain. 


EXPERIMENT   IX. 

ACTION  OF  SODIUM  UPON  WATER. 

Apparatus,  —  Tongs,  evaporating  dish. 

Materials.  —  Sodium,  water,  blue  and  red  litmus  paper,  solid 
sodium  hydroxide. 

Caution.  —  Do  not  handle  sodium  with  wet  hands,  or 
with  wet  forceps.  Do  not  put  sodium  into  the  waste  jar. 
On  no  account  leave  any  sodium  on  or  about  your  desk  or 
in  your  locker.     Sodium  hs  usually  kept  imder  kerosene. 

a.  What  is  the  appearance  of  a  freshly  cut  surface  of 
sodium  ?     Is  sodium  hard  or  soft  ?     Heavy  or  Ught  ? 

b.  Hold  a  piece  of  sodium  having  a  volume  not  greater 
than  8  to  10  c.mm.  at  arm^s  length  by  means  of  iron  tongs 
or  forceps,  and  drop  it  upon  water  in  a  small  evaporating 
dish.     Result  ? 

Apply  a  lighted  match  —  hold  it  at  dmnHs  length  —  to  the 
sodium  while  it  is  acting  on  the  water.     Result? 

c.  After  action  has  ceased,  wet  your  fingers  with  the  solu- 
tion, and  rub  them  together.  Result?  If  you  get  no  de- 
cided result,  add  a  second  piece  of  sodium  (dry  hands)  of 
the  same  size  as  the  first,  and  repeat. 
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d.  Test  the  action  of  a  drop  of  the  sohition  upon  a  piece 
of  blue  litmus  paper.     Upon  red  litmus  paper.     Results  ? 

€,  Add  a  small  piece  (same  size  as  sodium  used)  of  so- 
dium hydroxide  to  5  c.c.  water.  Results?  Test  solution 
with  the  fingers  and  with  litmus.  Results?  Compare  re- 
sults with  those  in  d.     Conclusion. 


EXPERIMENT   X. 
WATER  OF  CRYSTALLIZATION. 

Apparatus.  —  Test  tubes,  iron  saucer  (sand  bath). 
Matenals.  —  Crystals  of  zinc  sulphate,  of  potasli  alum  (po- 
tassium aluminum  sulphate),  and  of  cupric  sulpliate. 

a.  Place  a  few  crystals  of  zinc  sulphate  in  a  dry  test  tube, 
and  warm  gently.  Results  ?  Is  there  evidence  of  water  V 
Where  ? 

b.  Repeat  a,  using  a  crystal  of  potash  alum.     Results  ? 

c.  Xote  the  taste  of  another  crystal  of  potasli  alum ;  then 
heat  it  strongly  in  an  iron  dish  until  no  further  chani^e 
occurs.     Results  ? 

When  the  ignited  alum  is  cold^  taste  it.  Result?  Phu^e 
it  in  6  cc.  water  in  a  test  tube,  and  boil  carefully  for  five 
minutes.     When  the  water  is  cool,  taste  it.*  Result? 

Assuming  that  heat  simply  drove  off  crystal- water  from 
the  alum,  upon  what  does  the  taste  of  crystalline  alum  seem 
to  depend? 

d.  Heat  a  crystal  of  copper  sulphate  (blue  vitriol)  strongly 
in  an  iron  dish.  Result?  When  the  residue  is  cold,  add 
a  few  drops  of  water  to  it     Result?     Explain. 
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EXPERIMENT  XL 
EFFLORESCENCE. 

Apparatus,  — Evaporating  dish* 

Materials.  —  Cn'stallized  sodiiOn  carbonate  and  sodium  sul- 
pliate  (Glauber's  salt). 

a.  Expose  a  crystal  or  two  of  sodium  carbonate  to  the  air 
for  at  least  twenty- four  hours.     Result  ? 

Ik  Carefully  weigh  your  evaporating  dish,  and  then  weigh 
into  it  accnratdy  about  5  grams  Glauber's  salt  (sodium  sul- 
plmte  2}las  crystal- water).  Let  stand  for  at  least  twenty- 
four  hours,  and  weigh  again.  Result?  What  change  is 
there  in  the  appearance  of  the  substance?    Record  your 

results  tlius:  — 

Qram^, 

(1)  Weight  of  evaporating  dish  -|-  Glauber's  salt  = 

(2)  W(aght  of  evaporating  dish  alone  = 
(*i)  .*.  Weight  of  Glauber's  salt  taken  = 

(4)  Weight  of  evaporating  dish  -|-  residue  = 

.•.  gain  or  loss  of  water  [subtract  (4)  from  (1)]  = 


EXPERIMENT   XIL 
DELIQUESCENCE. 

Afiparafus,  —  Small  beaker,  evaporating  dish  or  watch  glass. 
Mdti'rhth. — Solid    potassium    hydroxide,  fifranwZar  calcium 
•hlori«lo. 
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a.  In  a  small  beaker  place  a  piece  of  potassium  hydroxide, 
and  leave  it  exposed  to  the  air  at  least  an  hour.     Result  ? 

b.  Weigh  an  evaporating  dish  or  a  watch  glass  carefully, 
and  then  weigh  into  it  accurately  about  5  grams  anhydrous 
calcium  chloride.  Let  stand  at  least  twenty-four  hours,  and 
weigh  again.  Results?  Record  the  weighings  as  in  Ex- 
periment XI,  b. 


EXPERIMENT    XIII. 

EFFECT  OF  TEMPERATURE  ON  SOLUTION. 

CRYSTALUZATION. 

Apparatus,  —  Beaker  (50  c.c),  stirring  rod. 
Materials.  —  Potash  alum,  crystallized  cupric  sulphate  (blue 
vitriol). 

a.  Put  20  C.C.  water  into  a  beaker,  add  10  grams  pow- 
dered alum,  and  stir  two  minutes  with  the  stuTing  rod- 
Does  all  the  alum  dissolve  ? 

b.  Heat  the  beaker  carefully  on  the  wu*e  gauze,  stirring 
the  contents.     Result?     Conclusion. 

c.  Set  the  beaker  with  the  hot  solution  in  cold  water,  and 
stir  rapidly  until  solution  cools.     Result  ? 

d.  Dry  the  outside  of  the  beaker,  and  heat  again  as  in  b. 
Result  ?  Let  the  solution  stand  undisturbed  until  it  is  cold. 
Result  ?     Compare  with  c,  and  account  for  the  difference. 

e.  Repeat  OybyC,  and  d^  with  20  c.c.  water  and  15  grams 
powdered  blue  vitriol    Results  ? 
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EXPERIMENT   XIV. 
PRECIPITATION. 

Apparatus.  —  Test  tubes. 

MateriaU.  —  Solutions  of  lead  nitrate,  potassium  chroniate, 
barium  chloride,  and  calcium  sulphate.  Dilute  sulphuric  acid ; 
alcohol. 

a.  To  5  c.c.  of  lead  nitrate  solution  in  a  test  tube  add 
an  equal  volume  of  potassium  chromate  solution.  Result? 
I-et  tube  stand  ten  to  fifteen  minutes.  Result?  The  pre- 
cipitate is  lead  chromate. 

b.  Repeat  a,  putting  together  hot  barium  chloride  solu- 
tion and  dilute  sulphuric  acid.  Result  after  ten  to  fifteen 
minutes?     The  precipitate  is  hariimi  sulphate. 

c.  To  2  c.c.  calcium  sulphate  solution  add  an  equal  volume 
of  alcohol.     Result?     The  precipitate  is  calcium  sulphaU. 

Note.  —  The  insoluble  solids  formed  in  a  and  6  are  not  the 
only  products  of  these  reactions  ;  the  other  products  are,  how- 
ever, soluble. 

EXPERIMENT   XV. 
CONSTANT  PROPORTIONS. 

Apparatus.  —  Evaporating  dishes,  beaker,  balances,  wate 
(jlass. 

Matei-ials.  —  Crystallized  sodium  carbonate,  dilute  hydrc 
chloric  acid  (1  volume  concentrated  acid  to  1  volume  water). 

a.  Weigh  your  evaporating  dish  carefully,  and  then  weig 
into  it  accurately  about  5  grams  sodium  carbonate  crystals 
Transfer  the  sodium  carbonate  without  loss  to  a  beaker  coat'-" 
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ered  with  a  watch  glass;  then  add  the  dilute  hydrochloric 
axjid  a  little  at  a  time.  When  adding  acid  draw  the  watcli 
glass  a  little  to  one  side;  at  other  times  let  it  cover  the 
beaker. 

b.  The  effervescence  (foaming)  is  due  to  the  escape  of 
carbon  dioxide  gas.  When  all  the  crystals  have  dissolved, 
add  a  drop  or  two  more  of  the  acid,  to  be  sure  no  so<lium 
carbonate  remains ;  then  pour  the  solution  into  the  weighed 
evaporating  dish.  With  5  c.c.  water,  wash  what  has  spat- 
tered on  the  watch  glass  into  the  beaker,  and  with  this 
water  rinse  what  adheres  to  the  beaker  into  the  evaporating 
dish,  liinse  the  beaker  with  5  c.c.  more  water,  and  add  the 
rinsings  to  the  evaporating  dish. 

c.  Evaporate  the  solution  to  dryness^  on  a  water  bath  or  a 
Hteam  bath,  if  possible ;  otherwise,  on  a  wire  gauze.  If  you 
use  wire  gauze  take  great  care  to  avoid  spattering  either  the 
solution  or  the  solid  which  remains  after  the  water  has 
Tx)iled  away.  If  considerable  spattering  begins,  remove 
the  flame  for  a  moment  and  let  the  dish  cool ;  then  apply 
the  flame  again  gently.  Keep  flame  in  constant  motion  at 
the  end  of  the  process. 

When  the  solid  in  the  dish  is  perfectly  dry,  let  the  dish 
cool  to  the  temperature  of  the  room.  Then  weigh  it  accu- 
ratdy, 

d.  Record  your  residts  thus :  — 

Orams» 
Weight  of  evaporating  dish  -|-  sodium  carbonate  = 

Weight  of  evaporating  dish  alone  = 

.♦.  Weight  of  sodium  carbonate  used  = 

Weight  of  evaporating  dish  -{-  sodium  chloride  = 

Weight  of  evaporating  dish  alone  = 

••.  Weight  of  sodium  chloride  formed  = 
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(^t  the  f»imple8t  ratio  between  the  amcMuit  of  sodfaim  car- 
Ixinate  taken  and  that  of  sodimn  chlmde  obtained  as  fol- 
lows: Weight  of  sodium  carbonate  :  w^ht  of  sodium 
chloride  ::  1  :x.  Calculate  the  Talne  of  a;  to  two  decimal 
places,     a;  =  ? 

e.  Repeat  the  preceding  operations^  weighing  oat  accu- 
rntdij  a}K>ut  8  grams  sodium  carbonate  csrstals.  If  the 
vohirae  of  the  solution  is  too  great  to  go  into  the  evapo- 
rating difth  (jU  at  on/cCj  eraporate  part  of  tlie  water  and  then 
a^ld  the  remainder  of  the  solution.     JBe  sure  to  rinse, 

Calculate  the  ratio  between  sodium  carbonate  and  sodium 
chloride  as  before.     Compare  the  ratios.    Condnsion  ? 


EXPERmENT  XVL 

CHLORINE. 

Caution.  —  Avoid  inhaling  much  chlorine.  If  you  have 
inhaled  it,  nniell  ammonia  cautiously.  If  the  gas  gets  into 
the  room,  Hprinkle  a  few  drops  of  ammonia  water  upon  your 
talile. 

ApparatuH.  —  100  c.c.  flask,  ring  stand,  wire  gauze,  one-hole<l 
Htoi)i)(;r,  two  riglit-angled  tubes  (one  with  long  arm),  rubber 
(tonnector,  collecting  bottle,  test  tubes,  perforated  cardboard 
<!(>V(5r. 

MateiinU,  —  Manganese   dioxide   (in  lumps),  concentrated 
hydroitliloric  acid,  white  paper,  red  cheese  cloth,  litmus  solu — - 
tiori,  indigo  solution,  potassium  chlorate,  ink,  printed  paper. 

a.  Support  a  100  c.c.  flask  on  a  wire  gauze  in  a  ring  standi 
Tho  flask  is  provided  with  a  one-holed  stopper  and  a  de^ 
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livery  tube  bent  twice  at  right  angles.  The  double  bend 
is  produced  by  joining  two  right-angle  tubes  by  means  of  a 
rabber  connector.  The  second  right-angle  tube  is  turned 
down ;  its  end  should  be  2  to  3  cm.  above  the  table. 

b.  Put  into  the  flask  5  grams  manganese  dioxide  in  small 
lumps  (so-called  crystalline  manganese  dioxide),  add  20  c.c. 
concentrated  hydrochloric  acid,  and  attach  stopper  and 
delivery  tube. 

Warm  the  flask  gently^  and  fill  a  dry  bottle,  turned  mouth 
up,  with  the  resulting  chlorine  gas.  While  the  bottle  is 
being  filled  keep  it  covered  with  a  piece  of  cardboard  ;  the 
cardboard  has  a  hole  for  the  delivery  tube.  You  may  know 
when  the  bottle  is  full  by  the  rise  of  chlorine  to  the  top ; 
white  paper  held  behind  the  bottle  will  help  you. 

c.  Stopper  the  bottle  when  it  is  full,  and  fill  two  dry  test 
tubes  with  the  gas.  Then  pass  the  gas  for  five  minutes  into 
15  C.C.  cold  water  in  a  test  tube.     This  gives  chlorine  water. 

When  you  are  through,  disconnect  the  apparatus  at  07ice^ 
and  wash  the  remaining  manganese  dioxide  twice  with 
water. 

J.  What  is  the  color  of  the  gas  ?  Apply  a  lighted  match 
to  a  test  tube  of  it.  Does  the  gas  burn  ?  Support  com- 
bustion ? 

e.  Put  into  the  bottle  of  the  gas  a  small  piece  (2  cm. 
square)  of  dry  red  cheese  cloth,  a  loet  piece  of  the  same,  a 
piece  of  paper  containing  print,  and  a  paper  with  ink  marks. 
Leave  10  to  15  minutes.     Results? 

f.  Put  5  c.c.  of  the  solution  of  chlorine  made  in  c  upon  1 
sq.  cm.  of  the  colored  cloth  in  a  test  tube.  Upon  paper 
with  both  print  and  ink  marks  on  it.  Results?  What 
seems  to  be  necessary  in  order  that  chlorine  may  bleach  ? 
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g.  Into  a  test  tube  of  the  gas  pour  5  cc.  cold  water,  close 
the  mouth  of  the  test  .tube  tightly  with  the  thumb,  and 
shake  vigorously.  Remove  thumb  imder  water.  Result? 
Explain. 

A.  To  1  cc.  dilute  litmus  solution,  add  chlorine  water 
until  you  get  a  decided  change.  Explain  result.  Repeat, 
using  indigo  solution  instead  of  litmus.     Result  ? 

i.  An  easy  way  to  make  a  solution  of  chlorine  is  to  treat 
about  1  gram  of  potassium  chlorate  with  5  cc.  concentrated 
hydrochloric  acid.  If  action  is  slow^  warm  gently.  When 
the  effervescence  is  rapid,  add  10  cc  cold  water. 


EXPERIMENT   XVII. 
HYDROCHLORIC  ACID, 

A'pparatua.  —  Same  as  in  Experiment  XVI. 

MateriaXs.  —  Sodium  chloride,  concentrated  sulphuric  acid, 
red  and  blue  litmus  paper,  iron  filings,  silver  nitrate  solu- 
tion, ammonium  hydroxide  solution,  dilute  hydrochloric  acid, 
sodium  chloride  solution,  calcium  chloride  solution. 

a.  Into  a  100  cc  flask  with  stopper  and  delivery  tube  as 
in  Experiment  XVI,  i)ut  5  to  7  cc.  water,  and  add  carefuUy 
20  cc.  concentrated  sulphuric  acid.     Result? 

Caution.  —  In  diluting  sulphuric  acid  always  poiu*  the  acid 
into  the  water, 

b.  Cool  the  diluted  acid  by  holding  the  flask  in  a  stream 
of  running  water.  When  the  acid  is  cold,  put  into  it  about 
16  grams  sodium  chloride. 

c.  Attach  the  stopper  and  the  delivery  tube,  and  place 
the  flask  on  the  wire  gauze  of  a  ring  stand.     Warm  care* 
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fully  with  a  small  flame,  and  fill  a  dry  bottle  with  the  gas, 
—  it  is  hydrochloric  acid  gas^  —  as  in  Experiment  XVI,  b. 

You  may  know  that  the  bottle  is  full  when  white  fumes 
escape  about  the  cardboard  which  covers  the  collecting  bottle. 

Fill,  also,  a  dry  test  tube,  and  stopper  both  vessels. 

d.  Test  the  gas  at  the  end  of  the  delivery  tube  with  strips 
of  moistened  red  and  blue  litmus  paper.     Results  ? 

Blow  your  breath  against  the   stream  of  gas.     Uesult? 
Explain. 

e.  Xow  let  the  end  of  the  delivery  tube  come  jftM  to  the 
surface  of  5  c.e.  water  in  a  test  tube.  Note  the  appear- 
ance of  the  water  below  the  delivery  tube.  While  the  gas 
is  coming  off  regularly,  raise  the  test  tube  so  that  the  end 
of  the  delivery  tube  is  about  2  em.  below  the  water  level. 
I)o  gas  bubbles  pass  through  the  water?  Why?  Lower 
the  test  tube  again  until  the  delivery  tube  is  at  the  smface, 
and  let  the  gas  run  into  the  water  five  minutes.  Is  there 
any  change  in  temperature? 

Finally  remove  the  delivery  tube  from  the  water  and 
^Bxtinguish  the  flame.     Save  the  liquid. 

Lower  the  wire  gauze  so  as  to  let  the  flask  cool  out  of 
contact  with  the  gauze.. 

f.  Open  the  test  tube  of  gas  under  water.     Result  ?     Ex 
jjlain. 

g.  Hold  a  burning  match  in  the  bottle  of  gas.  Does  the 
gas  burn  ?    Does  it  support  combustion  ? 

h.  Test  the  liquid  obtained  in  e  with  red  and  blue  litmus. 
Compare  results  with  those  given  by  the  gas.  Add  a  drop 
of  the  liquid  to  2  c.c.  water,  and  taste  a  drop  held  on  a  stir- 
ting  rod.    Result? 
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i.  Pour  some  of  the  liquid  of  e  upon  1  c.c.  iron  filings  in 
a  test  tube.     Result  ?     Does  the  gas  burn  ? 

The  equation  is :  Fe  +  2  HCl »  FeClg  +  ? 

j.  Add  a  few  drops  of  the  liquid  of  e  to  1  c.c.  silvei 
nitrate  solution  in  a  test  tube.  Result  ?  The  white  precipi- 
tate is  silver  chloride,  -A^gCl. 

The  equation  is  : 

Ag:N^03       +  HCl  =  AgCl  +  HNOj. 

silver  nitrate         hydrochloric  acid  nitric  acid 

To  the  precipitate  add  an  excess  of  ammonium  hydroxide 
solution,  close  the  test  tube  with  the  thumb,  and  shake  vig- 
orously.    Residt  ? 

k.  Repeat  J,  using  sodium  chloride  solution  in  place  of 
hydrochloric  acid.     Residt? 

/.  Repeat  J  again  with  calcium  chloride  solution  in  place 
of  the  acid.     Results?     Conclusion? 

ni.  Note  the  white  solid  which  separates  when  the  flask 
becomes  cool.  It  is  chiefly  sodium  hydrogen  sulphate, 
NaliSO^. 

The  reaction  between  sodium  chloride  and  sulphuric  acid 
takes  place  according  to  the  equation, — 

NaCl  +  H2SO4 »  NaHSO^  +  HCl. 


EXPERIMENT   XVIIL 
PROPERTIES  OF  ACIDS. 

Apparatus.  —  Stirring  rod,  test  tubes  or  beakers. 
Materials. — Nitric,   sulphuric,  and    tartaric   acids;    litmus 
paper,  iron  filings. 
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a.  Make  a  very  dilute  solntion  of  gnlphnric  acid  by  add- 
ng  three  drops  of  the  concentrated  acid  to  10  c.c.  water  in 
-  clean  vessel.  By  means  of  a  dean  stirring  rod  bring  a 
[rop  of  this  solution  to  the  tongae.     What   is   its   taste  V 

Note.  —  Whenever  you  taste  a  substance  in  this  way  always 
e  sure  that  it  is  greatly  diluted.  Keep  it  in  the  mouth  long 
iiough  to  determine  the  taste  definitely  ;  then  reject  it. 

b.  By  means  of  the  stirring  rod  —  it  must  be  washed 
fter  every  test  —  bring  a  drop  of  the  dilute  acid  of  a  upon 
$d  and  blue  litmus  papers.  Results?  A  sohition  which 
ims  neutral  or  blue  Utmus  red  is  said  to  have  an  a/dd  re- 
3tion. 

Note.  —  Litmus  pi^er  should  not  be  wasted.  One  piece 
ill  do  for  many  tests,  if  you  use  only  Sidrop  of  the  liquid  each 
me.  A  new  place  on  the  litmus  p^er  must,  of  course,  be 
jed  at  every  trial.  To  avoid  miatalces  by  reason  of  substances 
hich  may  have  spilled  upon  the  table,  lay  the  litmus  paper 
3on  the  bottom  of  a  clean ^  inverted  beaker. 

c.  Try  the  same  experiments  as  in  <z  and  h  with  nitric 
dd.  Results?  With  tartaric  acid.  In  the  case  of  tlie 
irtaric  acid  use  the  solution  obtaine^l  by  Iieating  a  Hmall 
•ystal  with  5  c.c.  water.     Results? 

d.  From  Experiment  XVII,  i,  tell  what  happens  when 
on  is  treated  with  hydrochloric  acid.  Gaseous  product? 
Trite  the  equation  here. 

From  Experiment  V  tell  what  products  are  formed  from 
nc  and  dilute  sulphuric  acid.     Write  the  equation. 

From  Experiment  VI  tell  what  products  are  foiTned  from 
lagnesium  and  dilute  sulphuric  acid.  If  magnesium  sul- 
hate  is  MgSO^,  write  the  equation* 
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e.  What  seems  to  be  the  common  gaseous  product  formed       ' 
when  metals  act  upon  acids  ? 


EXPERIMENT   XIX. 
PROPERTIES  OF  BASES. 

Apparatus.  —  Same  as  in  Experiment  XVIII. 

Materials,  —  Solid  sodium  hydroxide,  potassium  hydroxid^^^j 
and  calcium  hydroxide,  ammonium  hydroxide  solution,  Utmu^^^j 
filter  paper. 

a.  Dissolve  a  small  piece  of  sodium  hydroxide,  NaOH,  i  n 
10  c.c.  water.  Rub  a  drop  of  the  solution  between  the  fir""  ^- 
gers.  Result?  Dilute  3  drops  of  this  with  5  c.c.  wate=^r 
and  taste  the  solution,  using  a  stirring  rod.  Result?  Fii^i^-<1 
its  effect  upon  blue  and  red  litmus  as  in  Experiment  XVIF-  ^, 
b.     Result  ? 

A  solution  which  turns  sensitive  neutral  or  red  litm^u  w 
blue  is  said  to  have  an  alkaline  reaction, 

h.  Re})eat  a,  using  j)otassium  hydroxide  instead  of  sodiu  '^^ 
hydroxide.     Results  ? 

c.  Add  2  drops  of  ammonium  hydroxide  solution  "» 
NIT4OII,  to  5  c.c.  water.  Note  taste  of  dilute  solution  ar^^^' 
its  action  on  blue  and  red  litmus. 

d.  Treat   about   1    gram    calcium    hydroxide,   Ca(OH  ~^^ 
or  calcium  oxide,  CaO,  with  10  c.c.  water,  stir  one  ndnu'*^®> 
and  then  filter.     Examine  the  solution  —  it  is  called  lirr^^  ^' 
wafer  — ^^   to   taste,  feel,  and   action   upon   blue  and   r^" 
litmus. 
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EXPERIMENT   XX. 


PROPERTIES  OF  SALTS. 


Vpparatuii.  —  Same  as  in  Experiment  XYIII. 
faterials.  —  Sodium  chloride,  ammonium  nitrate,  potassium 
hate,  sodium  acetate,  sodium  carbonate,  disodium  hydro- 
phosphate. 

.  Treat  about  one  cubic  centimeter  of  sodium  chloride, 

^ly  in  a  test  tube  witli  5  c.c.  water.     Test  the  sohition 

a  blue  and  red  litmus  as  in  Experiment  XVIII,  a  and 

Results  ? 

.  Repeat  a  with  ammonium  nitrate,  NII4XO3 ;  with  potas- 

Q   sulphate,    K2SO4 ;   ^ith   sodium   acetate,   NaC2ll302. 

ults? 

Repeat  «,  using  sodium  carbonate,  XaoCOg;  disodium 
TOgen  phosphate,  Na2lIP04. 

'.  Arrange  in  a  table  the  reactions  of  the  substances  you 
e  examined  with  litmus  in  Experiments  XVII,  XVIII, 
^,  and  XX,  thus  :  — 


Formula 

Action  upon 

Action  upon 

OF 

Sdbstanck. 

Red  Lttmii*. 

J$LUK  Litmus. 

IICl 

etc. 

NaOH 

etc. 

NaCl 

etc. 

• 
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What  element  is  found  in  every  acid?  What  two 
elements  are  found  in  every  basic  hydroxide?  What 
element  is  not  present,  usually,  in  the  salts^  i  e.,  the 
sul>st;mce!*  studietl  in  this  experiment? 


EXPERIMENT   XXT. 
NEUTRALIZATION. 

Ai^pumttis.  —  Evaporating  dish,  stirring  rod,  wire  gauze, 
rinij  stand. 

MaUriiiU. — Litmus  solution  and  paper,  sodium  hydroxide 
solution,  dilute  hvdrot^hloric  and  nitric  acids. 

a.  To  5  CO.  ten  per  cent  sodium  hydroxide  solution  in  an 
eva[H>rating  dish  add  1  c.c.  Utmus  solution ;  then  add  slowly 
dilute  hydrochloric  acid  until  the  litmus  changes  color. 

During  the  addition  of  acid,  stir  constantly  with  a  glass 
stirring  nxl.     If  you  get  too  much  add,  add  sodium  hy- 
droxide by  means  of  the  stirring  rod  until  the  color  just 
l)ei*omes  blue  again ;  then  add  a  BinaU  drop  of  very  dUnte 
hydrochloric  acid.     With  care  you  can  get  the  litmus  to 
assume  a  color  intermediate  between  the  red  and  the  blue, 
viz. :  a  decided  lavemfer.     This  is  the  color  of  neutral  Ut- 
mus, and  its  formation  shows  that  the  basic  properties  of  the 
sodium  hydroxide   solution  have  been  neutralized  by  the 
hvdrochloric  add. 

b.  I^t  a  drop  of  the  solution  upon  red  litmus,  as  in  Ex- 
periment XV ill,  b;  upon  blue  litmus.     Results? 

c.  Evaporate  the  solution  carefully.    At  the  end^  when 
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the  water  is  nearly  all  off  and  spattering  begins,  heat  with 
a  small  flame  in  constant  motion, 

d.  Examinie  the  product  obtained  in  c,  noting  its  taste, 
solubility  in  water,  and  the  reaction  of  the  solution  with  lit- 
mus.    Results  ? 

The  substance  obtained  is  sodium  chloride^  or  common 
salt.     Complete  the  equation,  NaOH  -|-  IICl  =  ?  -|-  V 

e.  Repeat  a,  ^,  c,  and  d^  using  dilute  nitric  acid  instead  of 
hydrochloric  acid.     Results? 

If  the  product  has  the  formula  NaNOg,  complete  the 
equation,  — 

NaOH  4-  HNOa  =  ?  +  ? 


EXPERIMENT   XXII. 
NORMAL  AND  ACID  SALTS. 

Apparatus, — Two  evaporating  dishes,  burette,  test  tu})e, 
rubber  band,  filter  paper. 

Materials,  — Pure  concentrated  sulphuric  acid,  ten  per  cent 
potassium  hydroxide  solution. 

a.  Put  a  small  rubber  band  evenly  around  a  test  tube  to 
mark  off  5  c.c.  (see  Experiment  I).  Do  not  change  the 
position  of  the  rubber  during  the  experiment. 

b.  Dilute  15  c.c.  pure  concentrated  sulphuric  acid  })y  pour- 
ing it  iiito  35  c.c.  water ;  stir  the  mixture  with  a  glass  rod, 
and  cool  it  as  in  Experiment  XVII,  b. 

Hold  your  marked  test  tube  vertically  and  pour  in  the 
dilute  acid  up  to  the  mark.  See  that  the  upper  edge  of 
the  rubber  is  just  at  the  lower  level  of  the  me?uHcnHy  i.  e.. 
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the  curved  surface  of  the  liquid.  Pour  the  5  c.c.  of  acid 
into  an  evaporating  dish,  rinse  the  test  tube  with  6  c.c.  of 
water,  and  add  the  rinsings  to  the  acid  in  the  dish. 

Xote  what  part  of  your  evaporating  dish  is  occupied  by 
the  resulting  10  c.c.  of  liquid,  for  comparison  in  e  of  this 
experiment  Add  to  the  evaporating  dish  1  c.c.  of  litmus 
solution. 

c.  Fill  a  burette  with  ten  per  cent  potassium  hydi-oxide 
solution.  The  burette  is  best  fitted  with  rubber  and  a  glass 
tip  controlled  by  a  pinch  clamp.  If  a  glass  stopcock  is 
used  see  that  it  is  well  lubricated  with  vaseline.  Support 
the  burette  in  a  clamp,  put  under  it  a  beaker,  and  let  the 
liquid  run  out  until  the  part  of  the  burette  below  the  clamp 
is  filled  with  liquid.  Return  the  liquid  which  ran  out  to  the 
burette.  Head  the  level  of  the  Uquid  exactly  to  tenths  of 
a  cubic  centimeter,  having  your  eye  in  the  same  horizontal 
plane  with  the  bottom  of  the  meniscus.     Record  this  reading. 

cL  Open  the  clamp  of  the  burette  carefuUy^  and  let  the 
potassium  hydi-oxide  solution  fall  drop  by  drop  into  the 
evaporating  dish  of  dilute  acid.  Stir  constantly.  Get 
the  solution  exactly  neutral,  or  at  any  rate  have  only  one 
drop  of  alkaU  in  excess. 

Read  the  burette  again.     How  much  alkali  was  used? 

e.  Evaporate  the  solution  to  about  12  c.c,  and  let  it  cool 
thoroughly.     Result  ? 

/!  Repeat  ^,  c,  and  d  with  twice  the  quantity  of  dilute 
acid,  i,  e.y  10  c.c,  and  exactly  as  much  potassium  hydroxide 
as  was  used  in  d. 

What  does  the  htmus  7iow  indicate?  Evaporate  the  re- 
sulting solution  to  5  c.c,  and  let  it  cool.     Result? 

g.  Dry  the  solid  substance  obtained  in  e  between  filter 
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papers.  What  is  the  general  shape  of  the  crystals  ?  Heat 
one  in  a  dry  test  tube.  Has  it  cryatal- water  ?  Treat  some 
of  the  crystals  with  1  to  2  c.c.  water  in  a  test  tube.  Are 
they  easily/  soluble  ?  What  is  the  reaction  of  the  solution 
to  litmus  ?    Its  taste  ? 

A.  Treat  the  crystals  obtained  in  f  as  directed  in  (/,  Re- 
sults ?     Are  the  crystals  in  the  two  cases  alike  ? 

How  many  salts  does  sulphuric  acid  form  with  potassium 
hydroxide,  according  to  this  experiments 


EXPERIMENT   XXIII. 
NORMAL  AND  ACID   SALTS  CONTINUED. 

Apparatus.  —  Same  as  in  Experiment  XXII. 
Materials.  —  Concentrated  pure  hydrochloric  acid,  ten  per 
cent  potassium  hydroxide  solution. 

a.  In  the  marked  test  tube  (see  Experiment  XXII,  a) 
measure  out  5  c,c.  concentrated  hydrochloric  acid,  put  this 
acid  into  an  evaporating  dish,  and  rinse  the  tube  with  5  c.c. 
of  water,  as  in  Experiment  XXII,  b.  Add  litmus  solution, 
and  neutralize  with  ten  per  cent  potassium  hydroxide  from 
the  burette.     Note  the  amount  of  alkali  used. 

b.  Evaporate  the  neutral  solution  to  dryness.  Finally 
heat  the  evaporating  dish  until  no  fumes  of  any  kind  come 
off,  and  even  the  crackling  sound  —  decrejntatton  —  practi- 
cally ceases. 

Let  the  dish  cool  thoroughly. 

c.  Examine  the  product,  noting  its  solubility  in  water,  the 
taste  of  the  solution,  and  its  reaction  with  litmus. 


I 
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d.  Repeat  a,  h^  and  c  with  the  same  amoiint  of  alkali,  bn 
with  twice  the  quantity,  i.  e^  10  c.c,  of  hydrochloric  acid. 

Be  sure  to  evaporate  as  directed  in  h. 

e.  Compare  resnltn  with  those  obtained  in  c.  How  man 
salts  do  you  get  hydrochloric  add  to  form  with  potassin 
hydroxide  ? 


EXPERIMENT  XXTV. 
NITROGEV. 

ApparnUiJi.  — 100  c.c.  flask,  wire  gauze,  ring  stand,  clamp, 
stopper,  delivery  tube,  pneumatic  trough,  collecting  bottle. 
3/V'/€riV<?.*.— Sodium  nitrite.  XaXO, :  ammonium  chloride, 

a.  Sup]>ort  a  flask  by  means  of  a  clamp  about  its  neck, 
and  place  under  it  the  wire  ganxe.     Put  into  the  flask 
grams  sodium  nitrite,  8  grams  ammonium  chloride,  and  2( 
c.c.  water. 

Attach  the  stopper  and  deUyery  tube ;  the  delivery  tube^^^ 
extends  to  a  pneumatic  trough  containing  water  and 
inverteil  collecting  bottle  full  of  water. 

b.  Have  ready  your  evaporating  dish  foil  of  cold  water. 
Heat  the  flask  //e/«//y  until  a  regular  but  not  too  rapid  stream 
of  gas  e>c:ii»es.     If  at  any  time  during  the  heating  the  ev 
lution  ot  gas  (^nitrogen)  becomes  Holeni,  remove  tiie  deUvery 
tul>e  from  the  water,  take  away  the  flame  and  wire  gauze^^ 
and  bring  the  evajH>rating  dish  of  cold  water  up  over  thfc=^ 
Inntoui  of   the  flask.     Let  two   test  tubes   of  gas  escap^^" 
(why  V) :  then  till  the  Kmle  with  it. 


/ 


/ 
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c.  Determine  the  odor  and  color  of  tlie  gas,  also  its  rela- 
tion to  combustion. 

The  equation  representing  its  preparation  is,  in  part,  — 
NH4CI  +  ISTaNOa  =  NaCl  +  ^2  +  H2O. 


EXPERIMENT  XXV. 
AMMONIA. 

Apparatus, —  Mortar  and  pestle,  stirring  rod,  test  tubes,  100 
c.c.  flask,  stopper,  two  right-angle  tubes,  collecting  bottles, 
gauze. 

Materials.  —  Glue,  slaked  lime,  litmus,  hydrochloric  acid, 
ammonium  chloride,  ammonium  nitrate,  ammonium  sulphate, 
sodium  hydroxide  solution,  potassium  hydroxide  solution. 

«.  Mix  in  a  mortar  about  one-half  gram  glue  and  2 
grams  slaked  lime,  and  heat  the  mixture  in  a  test  tube. 
Hold  in  the  mouth  of  the  tube,  without  touching  the  tube, 
a  piece  of  moist  blue  litmus  paper.  Red  litmus  paper.  A 
glass  rod  which  has  been  dipped  into  concentrated  hydro- 
chloric acid.     Results?     Note  odor.     What  is  it? 

h.  To  about  one-half  gram  ammonium  chloride  in  a  test 
tube  add  2  c.c.  ten  per  cent  sodium  hydroxide  solution,  and 
warm  gently.  Odor  ?  Effect  of  gas  on  litmus  ?  On  a  rod 
wet  with  concentrated  hydrochloric  acid  ? 

c.  Repeat  ^,  using  ammonium  nitrate  and  sodium  hydrox- 
ide solution.  Results?  Use  ammonium  sulphate  and  ten 
per  cent  potassium  hydroxide  solution.  Results?  The 
gas  formed  in  the  above  cases  is  ammonia,  NHg. 

d.  In  a  100  c.c.  flask  mix  10  grams  powdered  ammonium 
chloride  and  20  grams  powdered  quicklime.     Odor?     Sup- 
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port  the  flask  on  wire  gauze  and  attach  the  stopper  and  a 
delivery  tul>e  bent  twice  at  i%ht  angles  (see  Experiment 
XVI,  n).   Have  the  second  right-angled  tube  turned  upicarcL 
f >n  a  Hmall  ring  fastened  high  up  on  the  ring  stand,  lay  » 
piece  of  cartll)oard  with  a  small  hole  in  it ;  through  the  hol^ 
pasrt  the  delivery  tul>e,  and  invert  over  the  delivery  tub^ 
the  rUrt/  re<*eiver  (bottle)  intended  to  collect  the  anunoiiia. 
e.  Heat  rert/  fjenthj.     When  the  bottle  is  full  of  gas, 
test  this  by  waving  air  from  the  bottle  toward  the  nose, 
cover  it  and  i)lace  it  mouth   down   upon   the    table.     Fi 
three  bottles  ^^\\h  the  gas.  Now  turn  the  end  of  the  deUver 
tul>e   duwn,  so  that  it  just  touches  the  surface  of  10  c.c 
water  in  a  test  tul>e. 

.Vfter  a  minute  raise  the  test  tube  carefiMy  about  "1 
cm.  Do  the  })ubbleri  of  ammonia  rise  to  the  siu-face  a 
the  water?  Why?  Lower  the  test  tube  again  until  the 
delivery  tube  just  touches  the  water,  and  continue  heatin 
the  flask  gently  three  minutes.  Remove  the  test  tube ;  and 
then  extinguish  the  flame.  While  the  flask  is  cooling,  place 
between  it  and  the  wire  gauze  a  dry  doth.     Why? 

f,  Did  you  notice  any  change  in  the  temperature  of  the 
water  of  the  test  tube?     Explain.     Save  this  liquid. 

</.  From  the  method  of  collecting  the  gas  compare  its 
spetnfic  gravity  with  that  of  air.  Is  there  any  evidence  of 
water  in  the  generating  flask  ? 

h.  Test  the  gas  in  the  first  receiver  with  Utmus  paper  — 
keep  mouth  of  receiver  down.  Test  relation  of  this  gas  to 
combustion.     Results  ? 

Thrust  up  into  -the  receiver  a  glass  rod  which  has  been 
dipi)ed  in  concentrated  nitric  acid.  Results?  The  smoke 
is  ammonium  nitrate,  NII^NOg.     Write  the  equation. 


m« 
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t.  Place  the  second  bottle  mouth  downward  in  a  pan  of 
i^ater.     Result?     Explain. 

J.  War?n  the  bottom  and  sides  of  a  clean,  dry  bottle 
having  a  mouth  of  the  same  size  as  that  of  the  third  bottle 
f  ammonia)  by  movmg  it  quickly  to  and  fro  in  the  Bunsen 
lame  ;  put  into  it  five  drops  concentrated  hydrochloric  acid, 
,nd  place  over  the  bottle  of  hydrochloric  acid  gas  thus 
btained,  the  bottle  of  ammonia.  Hold  the  mouths  of  the 
•ottles  firmly  together  and  reverse  their  positions,  so  that 
he  ammonia  bottle  is  below  the  other.  Results  ?  What  is 
he  product? 

Jc,  Examine  the  solution  of  ammonia  made  in  e.  What 
fPect  has  it  upon  litmus  ?  Hold  a  piece  of  moist  red  litmus 
bout  2  cm.  above  the  solution.     Result  ?     Explain. 

Put  5  c.c.  of  the  solution  into  a  beaker,  note  the  odor,  and 
et  beaker  stand  for  twenty-four  hom*s.  Is  the  odor  as 
trong  as  before?     Inference? 

I,  Put  about  5  c.c.  of  the  ammonia  solution  of  e  into  an 
evaporating  dish,  and  boil  it  gently  for  five  minutes.  Com- 
)are  odor  after  boiling  with  that  of  some  of  the  original 
lolution. 

ni.  Heat  a  small  amount  of  ammonium  chloride  for  some 
ime  on  a  piece  of  porcelain  or  on  platinum.     Result? 

n.  The  equation  for  the  reaction  which  took  place  in  d 
ind  <?  is,  — 

-,  OH  ,  KH^Cl  _  p  CI    ,   Klipil  /      KII3    ,    HgOX      ^ 
^^OH  "^  NH4CI  ~"  '^^Cl  "^  NH4OII  V,—  Kllg  "T"  H2O/ '  ^' 

3a(OH)2  +  2  NH4CI  =  CaCl2  +  2  NHg  +  2  H^O. 

Where  would  you  look  for  the  calcium  chloride  ? 
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EXPERLVIENT   XXVL 
NITRIC  ACID. 

Apparatus.  — 100  c.c.  flask,  cork,  stopper,  delivery  tube  (in 
one  piece),  test  tube,  beaker,  wire  gauze,  ring  stand. 

Materials.  —  Potassium  nitrate,  concentrated  sulphuric  and 
nitric  acids,  white  sUk  thread,  indigo  solution,  ferrous  ammo- 
nium sulphate  or  ferrous  sulphate,  and  copper  nitrate. 

a.  Into  a  100  c.c.  flask  place  about  5  grains  potassium 
nitrate  and  10  c.c.  concentrated  sulphuric  acid.  Attach  the 
stopper  and  the  delivery  tube.  The  delivery  tube  must  be 
in  one  2?iece  without  rubber  connections. 

Put  the  end  of  the  dehvery  tube  into  a  test  tube  resting 
in  a  beaker  of  cold  water.  The  test  tube  will  serve  as  a 
condenser. 

b.  Warm  the  flask  gradually  over  the  wire  gauze.  He- 
suit  ?  Color  of  fumes  ?  Keep  the  end  of  the  delivery  tube 
out  of  the  liquid  which  condenses  in  the  test  tube. 

When  no  more  hquid  distills  over,  remove  the  dehvery 
tube.     Only  then  remove  the  flame. 

The  Hquid  collected  is  nitric  acid.    Complete  the  equation, 

KNO3  4-  II2SO4 >  KHSO4  4-  ? 

What  is  the  color  of  the  acid? 

c.  Let  the  flask  cool  thoroughly.  Result?  Name  the 
crystalline  product.  Finally,  add  water  and  pour  the  result- 
ing solution  into  the  sink. 

d.  Add  1  c.c.  of  the  nitric  acid  you  have  made  to  1  c.c.  of 
water,  and  test  the  action  of  a  drop  (use  the  glass  rod)  upon 
litmus.     Result  ? 
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Into  your  diluted  acid  put  a  piece  of  white  woolen  yarn, 
and  warm  gently.     Remove  the  yarn.     How  has  it  changed? 

To  1  C.C.  of  your  dUute  acid  add  a  few  drops  of  indigo 
solution.     Result  ? 

e.  What  color  does  your  undiluted  acid  give  to  the  skin  ? 
Will  ammonium  hydroxide  remove  the  stain  ? 

fi  Treat  about  2  o.c.  of  ferrous  ammonium  sulphate  or  of 
ferrous  sulphate  in  a  test  tube  with  15  c.c.  water  and  shake 
vigorously.  Take  5  c.c.  of  this  solution  in  a  test  tube,  add 
two  drops  of  dilute  nitric  acid,  incline  the  tube  at  an  angle 
of  about  forty-five  degrees,  and  pour  about  3  c.c.  concen- 
trated sulphuric  acid  down  the  side  of  the  tube.  Describe 
what  takes  place  where  the  concentrated  acid,  which  is 
below,  meets  the"  solution. 

g.  Repeat  f,  using  a  solution  of  potassium  nitrate  instead 
of  nitric  acid.  Result?  Repeat  again  with  ciipric  nitrate 
instead  of  the  acid.     Result? 

A.  If  the  test  just  tried  is  a  general  one  for  all  nitrates^ 
how  would  you  proceed  to  test  a  solution  for  the  presence 
of  a  nitrate  or  nitric  acid  ? 


EXPERIMENT   XXVIL 

NITRITES. 

Apparatus,  —  Iron  dish,  stout  iron  wire,  beaker,  test  tubes. 
Materials.  — Potassium  nitrate,  lead,  filter  paper,  dilute  sul- 
phuric ^id. 

a.  Melt  together  in  a  shallow  iron  dish  10  grams  potas- 
sium nitrate,  KNOg,  with  about  20  grams  of  lead.     Keep  tlie 
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mixture  at  red  heat,  and  stir  twenty  minutes  with  a  stout 
iron  T^ire  or  a  nail  held  in  iron  tongs. 

b.  When  the  mass  is  cool  add  20  c.c.  water,  heat  to  boiling 
for  a  few  minutes,  take  out  the  unused  lead,  and  then  filter. 

The  residue  on  the  filter  is  lead  oxide,  PbO.  Its  color? 
The  filtrate  contains  potassium  nitrite^  KNOg,  and  unchanged 
nitrate.  The  reaction  is  a  reduction  of  potassium  niti'ate  by 
lead,  as  is  shown  in  the  equation, 

•KisrOs  +  Pb  =  KNO2  +  PbO. 

c.  Treat  the  solution  of  potassium  nitrite  from  b  with 
dilute  sulphuric  acid.  Result?  Treat  some  potassium  ni- 
trate solution  in  a  test  tube  with  dilute  sulphuric  acid,  and 
compare  results. 

d.  The  brown  gas  is  nitrogen  trioxide,  NgOg,  formed  as 
shown  by  the  equation, 

KNO2  +  H2SO4  —^^  KHSO4  4-  HNO2. 
2  HNO2  =  NgOa  +  H2O. 


EXPEKIMENT   XXVIII. 

NITROGEN  TETROXIDE. 

Apparatus. — Test  tubes,  doubly  bent  delivery  tube. 
Material.  —  Powdered  lead  nitrate,  Pb(N08)2. 

a.  Heat  5  grams  powdered  lead  nitrate  carefully  in  a  test 
tube  (use  a  holder),  keeping  the  tube  in  constant  motion. 
Result  ? 

When  the  tube  is  full  of  gas,  attach  a  stopper  and  a  de- 


NITRIC  OXIDE.  39 

livery  tube  with  its  longer  arm  turned  down.     Fill  a  dry 
test  tube  with  the  evolved  gas  by  displacement  of  air. 

h.  Invert  the  test  tube  of  gas  in  a  beaker  of  water,  and 
leave  it  a  few  minutes.  Result  ?  Test  the  residual  gas  with 
a  pine  splinter  having  a  spark  on  the  end  of  it     Result  ? 

c.  The  brown  gas  is  nitrogen  dioxide^  NO2,  mixed  with 
nitrogen  tetroxide^  N2O4. 

The  equation  is, 

Pb(]Sr08)2  =  PbO  4-  N2()4  (=  '1  NO,)  +  O. 

d.  The  lead  oxide  in  the  test  tube  may  nearly  all  be  re- 
moved by  adding  to  the  cold  tube  dilute  nitiic  acid  and 
heating  carefuUy, 


EXPERIMENT   XXIX. 
NITRIC  OXIDE. 

Apparatw.8,  —  Generating  flask  (250  c.c),  two  stoppers  (one 
two-hoied  and  one  one-holed),  funnel  tube,  delivery  tubes, 
pneumatic  trough,  wide-mouth  collecting  bottles,  cardboard  or 
glass  covers. 

Materials.  —  Copper  (granulated  or  turnings),  nitric  acid, 
ferrous  sulphate,  splinter  of  pine,  red  phosphorus. 

a.  Into  a  generating  flask  or  bottle  put  enough  granulated 
copper  to  cover  the  bottom.  Attach  stopper  containing 
funnel  tube  and  delivery  tube.  Add  through  the  funnel 
tube  enough  dilute  nitric  acid  to  immerse  the  lower  end  of 
the  tube,  and  then  concentrated  acid,  as  necessary,  to  give 
brisk  action.  The  gas  produced  is  nitric  oxide^  NO.  If 
the  acid  is  too  concentrated^  considerable  nitrogen  tetroxide 
is  produced. 
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h.  Fill  a  l>ottle  over  water  with  the  gas,  and  expose  it  to 
tlie  air.  llesuit?  From  the  result  tell  why  the  gas  in  the 
generating  flask  was  originally  brown. 

c.  I'ass  the  gas  about  three  minutes  into  10  c.c.  concen- 
trated ferrous  sulphate  solution  in  a  test  tube.  Result? 
Save  the  solution  for  g, 

d.  Collect  a  second  and  a  third  bottle  full  of  the  gas  over 
water.  Cover  one  of  the  bottles,  remove  it  from  the  water, 
turn  it  mouth  upward,  and  put  into  it  a  lighted  splinter. 
Hesult? 

e.  Repeat  d  with  the  last  bottle  of  the  gas,  using  a  defla- 
grating Hj>oon  containing  briskly  burning  red  phosjy/iorus, 
iiiHiead  of  the  splinter.  Compare  results.  Is  nitric  oxide  a 
Hii]>]>orter  of  conil)ustion,  or  not? 

/!  Attach  to  the  test  tube  of  solution  from  c  a  one- holed 
stopper  and  a  delivery  tube.  Warm  gently  and  collect  the 
evolved  gas  over  water  in  a  test  tube.  Expose  the  gas  to 
the  air.     HeHult?     Conclusion? 

Tlie  brown  li(piid  obtained  in  c  contains  a  compound  of 
ferrous  sulphate  and  nitric  oxide. 

S(H}  Experiment  XXVI,  /,  where  the  formation  of  a  brown 
rin;?  of  this  compound  was  used  as  a  test  for  nitric  acid  and  the 
nitrates. 

//.  Pour  25  c.c.  of  the  solution  (its  color  ?)  left  in  the  gen- 
erating flask  into  a  beaker,  add  any  unused  copper,  and  let 
the  beaker  Htand  (in  a  gas  chamber  if  possible)  until  all 
action  ceases.  There  should  be  an  excess  of  copper.  Pour 
the  li(piid  into  an  evaporating  dish,  and  evaporate  on  a  wire 
gauze  to  about  10  c.c.  Dip  into  the  liquid  a  glass  rod, 
and  see  if  the  liquid  which  sticks  to  the  rod  will  soUdify  on 
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cooling.    If  so,  let  the  dish  cool ;  if  not,  evaporate  off  about 
2  c.c.  more,  and  try  again.     Result? 

The  substance  obtained  is  cupric  nitrate^  C\\(J^ 0^2- 

The  equation  is, 

3  Cu  +  8  HNO3  =  3  Cu(]Sr08)o  +  4  TT«0  -f  2  NO. 


EXPERIMENT  XXX. 
NITROUS  OXIDE. 

Apparatus, — Test  tubes,  stopper,  deliverj'^  tube,  pneumatic 
trough,  clamp,  ring  stand,  collecting  bottle. 
Materials, — Ammonium  nitrate,  pine  splinter. 

a.  Into  a  test  tube  provided  with  stopper  and  delivery 
tube  put  about  10  grams  ammonium  nitrate,  and  fasten  the 
test  tube  by  a  clamp  to  the  ring  stand.  The  test  tube 
should  be  inclined  at  an  angle  of  about  forty-five  degrees. 

Invert  a  bottle  of  water  (best  warm)  in  the  pneumatic 
trough,  but  do  not  put  the  delivery  tube  into  the  water 
until  c, 

h,  ITeat  the  test  tube  ge7ithjvnt\\  a  moving  flame.  Result? 
Warm  more.     Result? 

When  a  steady  stream  of  gas  is  evolved,  hold  over  the 
end  of  the  delivery  tube  a  cold  and  dry  beaker.  What 
collects  in  it? 

c.  Now  put  the  end  of  the  delivery  tube  into  the  pneu- 
matic trough^  and  fill  the  collecting  bottle  with  the  gas. 
The  gas  is  nitrous  oxide^  NgO. 

Set  the  bottle  of  gas  mouth  upward  and  covered  upon  the 
table,  and  then  fill  a  test  tube  with  the  gas. 
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Note.  —  Be  sure  to  take  the  delivery  tube  out  of  the  water 
before  you  remove  the  flame. 

(I  To  the  test  tube  of  gas  add  5  c.c.  cold  water,  close  the 
tube  tightly  with  the  thumb,  and  shake  vigorously.  Open 
the  tube  under  water.     Result? 

€,  What  is  the  odor  of  the  gas  in  the  bottle  ?  Insert 
into  it  a  pine  splinter  with  a  glowing  tip.     Result? 

What  gas  resembles  nitrous  oxide  in  its  vigorous  support 
of  combustion? 


EXPERIMENT  XXXI. 
PHYSICAL  PROPERTIES  OF  SULPHUR. 

Apparatus. — Test   tubes,  filter,  funnel,  evaporating   dish, 
beaker. 
MateHals.  —  Powdered  sulphur,  carbon  disulphide. 

a.  Test  the  solubility  of  sulphur  as  follows:  In  a  test 
tube  shake  1  c.c.  powdered  sulphur  with  5  c.c.  water ;  filter, 
and  evaporate  the  filtrate  in  an  evaporating  dish.  Result  ? 
Conclusion  ? 

What  is  the  odor  of  sulphur  ?     Its  taste  ? 

h.  Treat  7iot  more  than  1  c.c.  powdered  sulphur  in  a  test 
tube  with  6  c.c.  carbon  disulphide. 

Caution.  —  Carbon  disulphide  is  inflammable.  Do  not 
bring  it  near  a  flame. 

C'lose  the  test  tube  with  the  thumb,  and  shake  it  thor- 
oughly. Result?  Pour  the  contents  of  the  tube  into  a 
small  beaker,  and  set  this  aside  in  a  gas  chamber  (jiot  in 
your  cupboard)  until  the  next  laboratory  period.  Result? 
What  is  the  shape  of  the  larger  crystals  ? 
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c.  Fill  a  test  tube  one-third  full  of  sulphur,  hold  it  in- 
clined at  an  angle  of  about  forty-five  degrees,  and  heat  it  , 
carefully.     Note  the  changes  through  which   the   sulphur 
passes  as  you  raise  its  temperature. 

What  is  the  color  of  the  liquid  formed  by  melting  the 
sulphur?  Is  it  viscoiis  (thick)  or  Unqnd  (thin;  easily 
poured)  ?  Pour  a  drop  of  it  into  water.  Color  of  the 
product?  Is  it  hard  or  soft?  Sulphur  melts  at  about 
114°  C. 

d.  What  change  does  the  sulphur  undergo  when  you  heal 
it  further  ?  Tilt  the  test  tube  to  an  almost  liorizontal  posi- 
tion from  time  to  time  iintil  you  find  the  point  at  which  the 
liquid  cannot  he  poured.  Then  continue  heating,  and 
notice  that  the  sulphur  becomes  lim[)id  again. 

Finally^  heat  the  sulphur  to  boiling.  You  will  know 
that  boiling  is  taking  place  when  you  see  the  dark  brown 
liquid  condensing  upon  the  upper  (cooler)  parts  of  the  tube. 
Sulphur  boils  at  446^  to  448°  C. 

e.  Pour  the  boiling  sulphur  into  a  beaker  of  cold  water. 
Kesult?  Color  of  the  product?  Is  it  hard  or  soft?  Elan- 
tic  or  brittle?  Keep  this  for  several  weeks,  noting  from 
day  to  day  any  changes  that  take  i>lace. 


EXPERIMENT   XXXII. 
CHEMICAL  PROPERTIES  OF  SULPHUR. 

Apparatus, — Deflagrating  spoon,  250  c.c.  bottle,  cardboard, 

test  tube. 

Materials,  —  Sulphur,  blue  litmus  paper,  powdered  iron. 
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a.  Put  about  1  c.c  powdered  sulphur  in  a  deflagrating 

.  spoon,  beat   it   in   the   flame   until   it   burns   briskly,    and 

then  put  the  spoon  into  a  bottle  of  air.     Keep  the  bottle 

covered  with  cardboard  having  a  hole  in  it  for  the  handle 

of  the  spoon. 

Let  the  8uli)hur  burn  as  long  as  it  wilL  Name  the  prod- 
uct of  the  combustion.  What  is  its  physical  state?  Its 
odor?     Try  its  effect  upon  wet  blue  and  red  litmus  papers. 

h,  ]Mix  in  a  mortar  5.6  grams  powdered  iron  and  3.2 
grams  powdered  sulphur,  and  put  the  mixture  into  a  test 
tube.  ITeat  the  lower  portion  of  the  tube  for  a  moment  in 
the  Bunsen  flame.  Result?  When  action  begins,  with- 
draw tlie  test  tube  from  the  flame.  Describe  all  that  takes 
jilaoe. 

c.  When  the  product  is  cool,  break  the  test  tube,  and  re- 
move the  solid  himp.  Describe  the  product.  It  is  ferroua 
sidphide^  FeS. 

Write  the  equation  for  its  formation.  Save  the  solid  for 
Ex2)eriment  XXXIII. 


EXPERIMENT  XXXIII. 
HYDROGEN  SULPHIDE. 

A'p'paraixis.  —  Test  tubes,  stopper,  and  delivery  tube. 

MateHals,  —  Ferrous  sulphide  from  Experiment  XXXII; 
dilute  sulphuric  acid  ;  solutions  of  cupric  sulphate,  barium 
chloride,  lead  nitrate,  sodium  hydroxide,  and  litmus. 

Note.  — Perform  this  experiment  in  a  gas  chamber,  or  where 
there  is  a  good  draught. 
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a.  Treat  the  lump  of  ferrous  nulpliide  nuule  in  Exi>eri- 
nieiit  XXXII  with  dilute  sulphuric  acid  in  a  tert  tul>e.  lie- 
suit?  The  gas  is  hydrogen  sulphide^  II,S.  Attach  a 
stopper  and  delivery  tube,  and  fill  a  test  tube  held  mouth 
upward  with  the  gas.  Apply  a  match  to  the  test  tulie. 
Result?  Note  odor  of  the  burning  gas.  Result?  Com- 
plete the  equation, 

2  H,S  +  3  O,  =  2  H,0  +  ? 

h.  Pass  the  hydrogen  sulphide  gas  from  the  generating 
tube  into  5  c.c.  dilute  cupric  sulphate  (CUSO4)  solution  in  a 
test  tube.     Result?     Continue  about  one  minute. 

Now  fee  that  the  delivery  tul>e  is  clean,  and  iiass  tlie  gas 
three  or  four  minutes  into  15  c.c.  water  in  a  test  tube. 
Then  wash  out  the  generating  tul»e  thoiuntghli/, 

c.  Filter  the  test  tube  of  cupric  sulphate  into  wliicb  you 
have  passed  hydrogen  sulphide.  Compare  the  color  of  the 
filtrate  with  that  of  the  cupric  sulphate  taken.  Con- 
clusion ? 

The  black  residue  is  cupric  sulphide,  CuS.  Write  tlic 
equation  for  the  action  of  hydrogen  sulphide  upon  cf/pnc 
sidphcUe. 

d.  Add  a  few  drops  of  the  hydrogen  sulphide  solution  to 
2  c.c.  lead  nitrate  solution,  Pb(X08)2.  Result?  Jf  the 
insoluble  product  is  lead  sulphide,  PbS,  write  the  ecjuii- 
tion. 

Repeat^  using  cadmium  sulp/iate  solution  in  place  of  h^fd 
nitrate.  Result?  If  the  insoluble  product  is  cadimum 
stdphidej  CdS,  write  the  equation. 

e.  Test  the  reaction  of  the  hydrogen  sulphide  solution 
with  red  and  blue  litmus  papers.    Results  ?    Conclusion  ? 
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Add  to  the  remainder  of  the  hydrogen  sulphide  solution 
1  c.c.  sodium  hydroxide  solution.  The  solution  now  con- 
tains sodium  8ulj)hide^  Na-^S.     Write  the  equation. 

/!  How  would  you  make  ammonium  sulphide  solution, 
(N  114)28  ?     Write  the  equation. 


EXPERIMENT   XXXIV. 
SULPHUR  DIOXIDE. 

Apparatus.  — 100  c.c.  flask,  ring  stand,  wire  gauze,  stopper 
and  delivery  tube,  2  collecting  bottles,  test  tubes,  beaker,  evapo- 
rating dish. 

Materials,  —  Granulated  copper,  concentrated  sulphuric  acid, 
red  flower,  red  cheese  cloth,  crystals  of  cupric  sulphate,  dilute 
sulphuric  acid,  sodium  hydroxide  solution,  litmus  paper,  con- 
centrated nitric  acid,  potassium  permanganate  and  potassium 
dichromate  solutions. 

a.  In  a  100  c.c.  flask  put  about  5  grams  copper  and  add 
25  c.c.  concentrated  sulphuric  acid.  Support  the  flask  in  a 
ring  stand,  upon  wire  gauze,  and  attach  a  stopper  and  a 
doubly  bent  delivery  tube  reaching  almost  to  the  table. 

b.  Heat  the  flask  carefully.  When  brisk  effervescence 
begins,  moderate  the  heat.  Collect  2  bottles  of  the  gas  as  you 
did  chlorine  in  Experiment  XVI,  h.  Tell  when  each  bottle 
is  full  by  the  odor.  Stopper  the  bottles.  Collect,  also,  a 
test  tube  of  the  gas  and  put  it,  mouth  down,  into  a  beaker  of 
water.     Explain  the  result. 

Wave  a  little  of   the   escaping  gas   tow2^d   t^be   nose, 
Odor? 
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'rhe  gas  is  sulphur  dioxide,  SO,. 

c.  Put  the  end  of  the  deliTery  tu\jeju4^  at  t/pe  surface  of 
10  C.C.  water  in  a  test  tube.  When  the  ga^^  hi  coming  off 
freely,  raise  the  test  tube  about  1  cm.  What  evidenc'«  in 
there  that  the  gas  is  dissoh-ing?  Lower  the  te-t  Ui\je  to  ite 
former  position  and  keep  it  there  o  minute«L  Then  remove 
the  delivery  tube  from  the  water,  extinguish  the  flame,  and 
let  the  generating  flask  cool  in  pontion,  ou4  of  contact  trith 
the  wire  gauze. 

Stopper  the  test  tube  containing  the  M^lution  of  the  ^ras, 
and  keep  it 

d.  Into  one  bottle  of  sulphur  dioxide  gaj>  put  a  few  [>eta]H 
of  some  red  flower,  e,  g^  a  carnation ;  aJno  a  «maJJ  pie^*^  of 
wet,  red  cloth  such  as  you  uised  with  cUorine  in  Kxf>er]njerjt 
XVI,  d.     Results? 

Test  the  action  of  sulphur  dioxide  uj>on  blue  litrrius  paj>er. 
Result  ? 

e.  To  the  secdnd  bottle  of  sulphur  dioxide  add  4  dropH  of 
concentrated  nitric  acid,  stopper  the  l^Htle,  and  nhake  it. 
Results?  Add  5  c.c  water,  stopper  once  more,  sliak^f,  and 
pour  the  liquid  into  a  test  tuVje.  Save  thw  for  Experiment 
XXXVI,  c. 

f.  Note  the  taste  of  a  drop  of  the  sulphur  dioxide  s^^lution 
made  in  c.  What  Is  the  ar-tion  of  1  i',i\  of  it  upon  1  vx, 
potassium  permanganate  jK>lution  {KyinO^yi  Repeat  witli 
potassium  dichromate  solution  instea^l  of  potasMiiirri  perman- 
ganate.    Result? 

Sulphur    dioxide    solution    containH    nidphnrons    acid^ 

H2SO8. 

g.  Neutralize  the  remainder  of  the  sulphurous  acid  in  an 
evaporating  dish  with  1<>%  sodium  hydroxide  solution  and 
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evaporate  to  dryness.     The  resultmg  substance  is  sodmm 
siilphitey  XajSOg.     Describe  it 
Complete  the  equation, 

2  XaOH  +  HaSOg  =?  -f? 

h.  Treat  the  sodium  sulphite  in  a  test  tube  with  a  little 
dilute  sulphuric  acid,  and  warm.     Note  the  odor. 

The  sulphite  is  decomposed  by  the  acid  thus :  — 

NaaSOa  +  H2SO4 >  Na^SO^  +  HaSOg  (i.  e.,  SO2  + 

IT^O). 

i.  When  the  generating  flask  is  cold^  add  to  it  25  c.c.  water, 
shake  carefully^  and  heat  the  flask  cautiously  over  wire 
gauze.  Filter  the  resulting  liquid.  What  is  the  color  of 
the  filtrate?  Concentrate  it  to  about  16  cc,  and  let  it  cool. 
Result?  Compare  th^  product  with  blue  vitriol,  CUSO4. 
5  II2O.     Complete  the  equation, 

Cu  +  2  H2SO4  =  2  H2O  +?  +  ? 

EXPERIMENT   XXXV. 

SULPHURIC  ACID. 

Apparatus. — File  or  blue  paraffin  pencil,  test  tube,  beaker, 
balances. 

Materials.  —  Concentrated  sulphuric  acid. 

a.  By  means  of  a  file  or  a  blue  paraffin  pencU  mark  off 
about  10  cc.  on  a  clean,  dry  test  tube,  set  the  tube  in  a  clean 
beaker,  and  get  the  weight  of  both  test  tube  and  beaker 
together.  Now  fill  the  tube  up  to  the  mark  with  concen- 
trated sulphuric  acid,  wipe  off  any  acid  adhering  to  tlie 
mouth  of  the  test  tube,  and  get  the  weight  of  acid  -\-  beaker 
+  test  tube. 
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Return  the  acid  to  the  bottle,  nniw  the  te^  mhn.  .ui<l  •Irr 
it  on  the  ootade.  Then  tQI  the  tube  td  Ct>  the  amrk  with 
water,  and  get  the  we^it  tA  wxur  —  beakiar  —  te«t  tube. 

Record  your  resoils  dma :  — 

Weight  of  test  tube  -j-  beaker  —  fnipharic  iit^  = 

Weight  of  test  tube  -|-  beaker  = 

.    .  weight  of  sulphuric  aciii  cak>eQ  := 

Teight  of  test  tube  -[-  beaker  —  water  = 

Weight  of  test  tube  -f-  beaker  :=. 

.  * .  Weight  of  water  taken  ^ 

From  the  results  calculate  the  «peci6e  gravity  of  yoor 
sulphuric  acid. 

b.  Heat  one  drop  —  no  more  —  of  t.-onirentrate«l  sulphuric 
acid  in  an  evaporating  dish  over  wire  gaiize.     Kesult  ? 

c.  Put  into  a  test  tube  a  splinter  of  wo«>l  and  add  5  c.c. 
concentrated  sulphuric  acid.  Let  stan«l  15  minutes.  Try 
the  effect  of  a  drop  of  con«:entrate«l  sulphuric  aci«l  on  paper : 
upon  cotton  cloth.  Wait  for  the  result  if  it  b  not  immetli- 
ate.     Results? 

d.  Into  a  small  beaker  put  10  grams  sugar  and  5  c.c. 
water,  and  stir  thoroughly.  Xow  add  10  c.c.  concentrated 
sulphuric  acid.     Results  ?    Describe  the  product 


EXPERBIEXT   XXXVL 

SULPHATES. 

Apparatus, — Test  tubes. 

Materials,  —  Concentrated  sulphuric  acid  ;  solutions  of  barium 
chloride,  cupric  sulphate,  sodium  sulphate  ;  dilute  hyhrochloric 
acid  ;  liquid  from  Experiment  XXXIV,  e. 


50  LABOBATOBY  EXEBCISES. 

a.  To  10  C.C.  water  in  a  test  tube  add  1  c.c.  concentrated 
sulphuric  acid,  liesult?  Heat  the  diluted  acid  to  boiling, 
and  add  5  c.c.  barium  chloride  solution,  BaClg.     Result  ? 

The  precipitated  substance  is  barium  sulphate,  BaS04.  I^ 
the  other  product  is  hydrochloric  acid,  write  the  equation. 

Let  the  precipitate  settle,  pom*  off  the  supernatant  liquid, 
and  add  10  c.c.  dilute  hydrochloric  acid  to  the  precipitate. 
Does  the  precipitate  dissolve  ? 

h,  liepeat  a,  using  instead  of  dilute  sulphuric  acid  5  c.c. 
of  a  solution  of  cupric  sulphate,  CUSO4.  Results?  Equa- 
tion ? 

Repeat  again,  using  5  c.c.  of  sodium  sulphate  solution, 
Na2S()4,  with  5  c.c.  bai'ium  chloride  solution.  Result? 
Equation  ? 

Note. — In  general,  if  a  solution  gives  with  barium  chloride 
solution  a  white  precipitate  insoluble  in  hydrochloric  add,  we 
are  reasonably  sure  that  the  unknown  solution  contains  sul- 
phuric acid  or  a  sulphate, 

c.  Treat  the  liquid  obtained  in  Experiment  XXXIV,  e,  with 
barium  diloride  solution.  Result?  What  effect  did  nitric 
acid  have  upon  the  sulphur  dioxide?  Complete  the  equa- 
tion, 

SO3  +  O  +  II2O > 


EXPERIMENT   XXXVII. 

CARBON. 

ApjniratHs,  —  Tongs,   test   tubes,  iron  dish  with  a  cover, 
beaker. 
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Materials.  — Charcoal  (lumps  and  powder),  graphite  (pencil 
lead),  soft  coal,  hydrogen  sulphide  solution,  litmus  solution, 
brown  sugar,  animal  charcoal. 

a.  Hold  a  piece  of  charcoal  in  the  Bunnen  flame  (use 
tongs)  and  describe  its  combustion.  Repeat  with  ijraphite 
(pencil  lead)  and  with  soft  coaL 

h.  Fill  an  old  test  tube  one-fourth  full  of  bits  of  wood, 
and  heat.  Results  ?  Bring  a  biu-ning  match  to  the  mouth 
of  the  tube.  Result?  Describe  the  other  products.  What 
is  the  residue? 

c.  Hold  a  piece  of  wood-charcoal  under  water  in  a 
beaker  for  2  minutes.  What  appears  on  its  surface  V  Con- 
clusion ? 

d.  Heat  powdered  wood  charcoal  or  animal  charcoal  for  h 
minutes  in  a  covered  iron  dish.  Let  it  cool,  and  add  2  c.e.  of 
it  to  5  C.C.  hydrogen  sulphide  solution.  Shake  thoroughly 
and  filter.  Compare  odor  of  filtrate  with  that  of  the  solu- 
tion taken.     Conclusion  ? 

e.  Boil  5  c.c.  litmus  solution  2  minutes  witli  2  c.c.  of 
the  freshly  ignited  charcoal,  and  filter.  Result?  Repeat^ 
using  5  c.c.  of  a  solution  of  brown  sugar  with  2  c.c.  fresh 
charcoal.     Result? 


EXPERIMENT   XXX VIH. 

CARBON  DIOXIDE,   I. 

Ap'paratus,  —  Grenerating  flask,  stopper  with  thistle  tii])o  and 
delivery  tube,  pneumatic  trough,  beaker,  test  tubes,  and  col- 
lecting bottles. 
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Materials.  —  Marble,  hydrochloric  acid,  litmus,  lime-water. 

a.  Place  in  a  flask  enough  marble  (a  form  of  calciicni  car- 
bonate^ CaCOg)  to  cover  the  bottom,  add  enough  water  to 
close  lower  end  of  the  thistle  tube,  insert  stopper,  and  add 
concentrated  hydrochloric  acid  through  the  thistle  tube. 
Add  more  acid  when  it  is  needed.  Collect  the  carbon 
dioxide  (COg)  over  water,  rejecting  the  first  bottle  of  the 
gas.     See,  also,  Experiment  XV. 

b.  Put  into  a  bottle  of  the  gas  wet  litmus  paper  (red  and 
blue)  and  a  burning  match.-    Results  ? 

c.  Pour  a  bottle  of  the  gas  into  a  beaker  of  air.  Test 
the  gas  in  the  beaker  with  a  burning  match.  Result? 
Conclusion  as  to  the  specific  gravity  of  the  gas  ? 

d.  Fill  a  test  tube  with  the  gas  by  air  displacement,  add 
5  c.c.  cold  water,  close  tube  securely  with  thumb,  shake 
vigorously,  and  open  under  water.     Result?     Conclusion? 

e.  Pass  the  gas  into  lime-water,  Ca(0H)2.  Result?  Let 
the  precipitate  settle.  It  is  calcium  carbonate.  Its  forma- 
tion with  lime-water  is  a  test  for  carbon  dioxide  {cf.  Experi- 
ment VII,  e),  Now  pass  a  vigorous  stream  of  the  gas  into 
the  tube  five  minutes.  Result?  Boil  the  contents  of  the 
tube.     Result  ? 

EXPERIMENT   XXXIX. 

CARBON  DIOXIDE,   n. 

Apparain.a.  — Beakers,  delivery  tube,  test  tubes. 
Materials.  —  Lime-water,  sodium  bicarbonate,  tartaric  acid. 

a.  Mix  2  c.c.  each  of  sodium  bicarbonate  (NallCOg)  and 
tartaric  acid  (IlgC^H^Og)  in  a  mortar.     Is  a  change  appar- 
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ent?     Put  half  of  the  powder  into  a  test  tube,  anil  a*l«l 
water.     Result?     Identify  the  gas. 

b.  Put  the  remainder  of  the  mixture  from  a  in  a  test 
tube,  add  10  cc  water,  ami,  as  soon  as  you  are  able,  im- 
prison the  gas  by  holding  your  thumb  u|>on  the  mouth  of 
the  test  tube.  Effect  upon  the  effer\-e!?cenee  ?  Now  remove 
your  thumb.     Effect?     Explain. 

c.  Blow  your  breath  through  a  delivery  tube  into  5  c.o. 
lime-water.     Result  ?     Conclusion  ? 

d.  Expose  5  cc.  t^ear  lime-water  to  the  air  for  several 
hours.  Result?  How  does  carbon  dioxide  get  int^>  the  air 
(cf.  Experiment  VII,  e)  ? 


EXPERBIEXT   XT. 

REDUCTION  BY  CARBON.     EFFECT  OF  HEAT  ON 

CARBONATES. 

Apparatus,  —  Ignition  tube,  deliver}-  tube,  rubber  connector, 
test  tubes. 

Materials.  —  Lead  monoxide,  powdered  charcoal,  lime-water, 
magnesite. 

a.  Mix  1  cc  lead  monoxide,  PbO,  with  one-third  its 
volume  of  powdered  charcoal,  on  smooth  paper.  Into  the 
ignition  tube  put  enough  of  the  mixture  to  make  a  layer  1 
cm.  thick,  support  the  tube  almost  horizontally,  and  attach  a 
delivery  tube  leading  into  5  cc  lime-water.  Heat  the  lead 
monoxide  persistently  for  10  minutes,  cool  it,  and  pour  it 
out  on  the  table.  Result  ?  What  gas  was  evolved  ?  Write 
the  equation. 
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b.  Fill  the  ignition  tube  one-fifth  full  of  chips  of  mag- 
nesit€y  MgCOg,  and  set  it  up  as  in  a.  Heat  persistently. 
What  gas  is  evolved?  What,  then,  does  the  residue  con 
tain  ?     Write  the  equation. 


EXPERIMENT   XLI. 
FLAMES. 

Apparatus.  —  Bunsen  burner  and  tongs.     * 
Materials,  —  Candle,  piece  of  porcelain,  white  paper. 

a.  Examine  carefully  the  non-luminous  flame.  Sketch  a 
vertical  section  of  it  as  you  see  it.  Make  drawing  4  cm. 
long. 

h.  Do  the  same  with  a  luminous  Bunsen  flame  2  cm.  high- 
Repeat  with  a  candle  flame. 

c.  Press  the  colorless  Bunsen  flame  for  a  moment  upon 
paper  lying  on  your  table.  The  paper  should  not  burn  up. 
Result? 

Hold  a  piece  of  glass  tubing  about  1  dm.  long  at  an  angle 
of  45°,  with  the  lower  end  inside  the  central  part  of  ^^ 
non-luminous  flame,  and  apply  a  lighted  match  to  the  other 
end.  Result  ?  What  do  these  experiments  show  fis  to  the 
inner  region  of  the  flame  ? 

d.  Hold  a  piece  of  porcelain  (broken  evaporating  dish)  by 
means  of  tongs  in  the  luminous  flame.  Result?  What 
substance  is  in  excess  here  ?  Now  hold  the  porcelain  in  the 
colorless  flame  for  some  time.  Result  ?  What  is  in  excess 
in  this  flame  ? 


WEIGHT  OF  A   LITER   OF    OXYGEy. 


EXPEKIMENT    XLII. 

WEIGHT   OF  A   LITER   OF   OXYGEN. 

'pamtiis.  —■  A  Btroiig  test  tuhe,  two  ono-litcr  bottles,  bei^t 
tubes,  piiich-claiiip,  graduati^il  <;jlinder,  balaiici'H. 
teriah.  —  Powdered,  chemically  pure  potassium  chlorate 
Tianganese   dioxide,  dried  at  120°  C.     Water  at  room 


Set  Tip  the  apparatuH  sbowii  in  Fig.  fi4.     A  is  a  test 

having  a  strong  flare,  so  that  it  can  be  sli)>)ie(I  tightly 

a  rubber  stopper. 

a  liter  bottle  fitted 

a  two-hole  rubber 

er.      The   longer 

reaches  (dmost  to 

ottom  of  B,  and 

inected  at  J^  with 

ber  tube  reaching 

16  bottom    of  the 

)  a     The  rubber 

may  be  closed  by 

pinch-clamp     J".  j.,„  ^. 

■Bt  fill  the   bottle 

th  water  having  the  temperature  of  the  room,  and  then 

le  long  tube  and  the  rubber  tube  by  sucking  at  i>,  A 

removed.     Then  close  the  pinch-elamp. 
Into  the  test  tube  A  put  about  5  c.e  of  a  mixture  of 

parts  of  powdered,  chemically  pure  potassium  chlor- 
ad  manganese  dioxide  j  they  must  have  been  dried  at 
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120°  C.  for  at  least  an  hour.     Get  the  weight  of  test  tube 
and  mixture  dccuratdy  on  the  balances,  and  record  it. 

c.  See  that  the  stopper  is  pressed  securely  into  the  mouth 
of  B^  and  then  slip  A  carefully,  but  tightly,  over  its  stopper. 
Now  put  about  50  c.c.  water  into  (7,  raise  C  so  that  the  water 
in  B  and  C  are  at  the  same  level,  open  the  pinch-clamp  one 
minute,  and  then  close  it  Then  put  C  down  on  the  table. 
Take  the  rubber  tube  carefully  out  of  C  and  get  the  volume 
of  the  water  in  C ;  then  pour  the  water  back  into  C^  and 
put  the  rubber  tube  in  place.  Now  open  the  pinch-clamp, 
and  hang  it  upon  the  glass  tube  at  jEI  Do  not  allow  the 
lower  end  of  the  rubber  tube  to  get  above  the  surface  of 
the  water  in  (7.     Why? 

d.  Heat  the  mixture  in  A  gently^  beginning  at  the  upper 
j>art  of  the  mixture.  The  evolved  gas  forces  water  fi-om  B 
into  (1  When  C  is  about  half  full,  stop  heating,  and  let  A 
cool  to  room  temperature.  Then  raise  ^  or  (7,  as  necessary, 
to  make  the  water  levels  in  both  the  same  (be  sure  to  keep 
the  lower  end  of  the  rubber  tube  under  water),  close  the 
rubber  tube  with  the  pinch- clamp,  and  get  the  volume  of 
the  water  in  C,  This,  ininus  the  original  volume,  equals  the 
volume  of  gas  collected  in  B, 

Find  the  barometric  height,  subtract  from  it  the  cor- 
rection for  the  pressure  of  water  vapor  (see  Appendix),  and 
find,  also,  the  temperature  of  the  gas.  Finally,  weigh  ^4  and 
its  contents  accurately, 

e.  Record  your  results  thus :  —  Gntn^- 

Weight  of  test  tube  +  contents  at  first  = 
Weight  of  test  tube  -j-  contents  afterward  =  ___^ 

.'.  Weight  of  oxygen  ^ 

Volume  of  oxygen  at      °  C.  and      mm.  =  c.c- 

.'.  Volume  of  oxygen  at  0°  C.  and  760  mm.  =  c.c. 

Weight  of  oxygen  obtained  :  weight  of  a  liter  at  0°  C.  »0" 
760  mm.  ::  volume  (at  0°  C.  and  760  mm.)  :  1,000  c.c.     ' 
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EXPERDfEXT   XLITL 


Apparatus,  —  Beaker.  100  e.c.  fla^k.  t^*t  tii!>*^. 

Materials. — PotaBsium  brcMnid^.  p^^wd^rr^  ixuucranfrf!>e  diox- 
le,  dilute  sulphuric  acid,  litmus  pap^r.  cali^-o.  caifjoij  dbtul- 
11  de,  chlorine-wat«r.  sodimn  hjdroxidfr. 

Caution.  —  If  possible,  work  in  a  jM^-haml^r  **r  hfttjtl. 


a.  Into  a  flask  put  an  e%hth  of  a  te«t  tnlje  of  jK/ta8f<inTn 
'omide  (KBr)  crystals,  half  as  much  \H}Wf\eTiA  Tnznj£^nei^ 
oxide,  and  half  a  test  tulie  of  dilute  «alphuric  a/'i'L  Snj>- 
>rt  the  flask  over  wire  gauze,  and  atta^-h  tlie  cork  <ctr>p|ier 
id  a  doubly  bent  delivery  tulje  reachincf  int/>  a  te«t  t«l>e 
iree-fourths  full  of  cold  water.  The  delivery  tulK;  rniirt 
J  without  rubber  connections.     Tlie  te«t  tulie  should  rest 

a  beaker  of  wat^'. 

b.  Warm  the  flask  cartfnUy  until  a  dark  brown  distillate 
isses  over.  Is  it  *hea\'ier  or  l^hter  than  water  *i  Do  not 
ihale  the  vapor,  and  do  not  ^et  lu^nid  bromine  on  your 
inds. 

When  no  more  bromine  comc^  over,  remove  first  the  de- 
trery  tube  and  then  the  flame.      The  light-brown  wjlution 
"  bromine- water.^ 

c.  Wave  the  air  from  the  test  tu>>e  t^^ward  the  nose, 
dor  of  bromine?  Pour  off  as  much  bromine- water  as  j>os- 
ble  without  pouring'out  the  bromine,  and  add  more  water 
)  the  bromine.  Pour  a  few  drojis  of  the  bromine-water 
pon  litmus  paper  and  upon  colored  calico.     Results? 

rf.  To  3  ce.  water  in  a  test  tube  add  1  c.c.  carbon  disvlr 
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phide,  close  tube  with  thumb,  and  shake  vigorously.  Re- 
sults ?  Where  is  the  carbon  disulphide  ?  Now  add  J  c.c. 
bromine- water  and  shake  again.  Result  to  the  color  of  the 
water  ?  To  that  of  the  carbon  disulphide  ?  This  effect  on 
the  carbon  disulphide  is  a  test  for  free  bromine, 

e.  To  5  c.c.  of  potassium  bromide  solution  add  1  c.c.  car- 
bon disulphide  and  shake.  Result  ?  Now  add  two  or  three 
drops  of  cldorine-water  (made  as  in  Experiment  XVI,  i), 
close  the  tube,  and  shake  it  as  before.  Results  ?  Action  of 
chlorine  on  potassium  bromide  ?     Equation  ? 

/!  To  the  liquid  bromine  in  the  test  tube  add  sodium  hy- 
droxide solution,  a  c.c.  at  a  time,  shaking  thoroughly. 
(Do  not  close  the  tube  with  the  thumb!)  Result?  The 
ecpiation  is, — 

2  NaOlI  +  2  Br >  NaBr  +  NaBrO  +  HgO. 

sodium 
hypobromite 


tie 


EXPERIMENT   XLIV. 
IODINE  AND  HYDRIODIC  ACID. 

Apparatus,  —  Test  tubes,  beaker,  flask. 

Materials,  — Potassium  iodide,  manganese  dioxide,  sulph 
acid,  iodine,  carbon  disulphide,  chlorine-  and  bromine-wai*^ 
starch,  alcohol,  hydrogen  sulphide,  silver  nitrate  solution, 
diuni  carbonate,  litmus. 

a.  Powder  potassium  iodide  (KI),  mix  1  c.c.  of  it  t^^^'^^ 
a  c.c.  of  manganese  dioxide,  add  2  c.c.  water  and  tK^ 
1  c.c.  concentrated   sulphuric  acid.      Result?     When  "*^ 
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action  slackens,  warm  the  tube  gently,  and  then  let  it  cooL 
Describe  what  you  find  in  the  tube  ?  It  is  iodine.  Com- 
pare its  preparation  with  that  of  chlorine  and  bromine. 

b.  Warm  a  crystal  of  iodine  {gently^  not  to  boiling)  with 
10  c.c.  water  for  a  few  seconds.  Does  the  iodine  dissolve 
readily?  Cool  the  water  and  add  3  c.c.  of  it  to  1  c.c.  car- 
bon diflulphide.  Shake  the  closed  tube.  Result  ?  This  is 
a  test  for  free  iodine.     Save  the  iodine  solution. 

c.  Shake  5  c.c.  potassium  iodide  solution  with  1  c.c.  car- 
bon disulphide.  Result?  Add  a  drop  of  chlorine- water 
and  shake  again.  Result  ?  What  effect  has  chlorine  upon 
potassium  iodide  ?  Repeat^  using  bromine- water  instead  of 
chlorine- water.     Write  both  equations. 

d.  Make  a  starch  solution  as  follows :  Mix  2  c.c.  powdered 
starch  with  5  c.c.  cold  water,  and  pour  the  emulsion  into  30 
C.C.  boiling  water.  Boil  for  a  minute  or  two,  and  then  cool. 
To  3  c.c.  of  the  solution  add  a  drop  of  the  iodine  solution 
of  J,  shaking.     Result  ? 

To  3  c.c.  of  the  starch  solution  add  one  drop  of  a  potas- 
sium iodide  solution  and  then  one  drop  of  chlorine-  or 
Iromine- water.     Result  ? 

e.  Heat  a  crystal  or  two  of  iodine  in  a  dry,  inclined  test 
"tube.  Result?  Let  cooL  Result?  Effect  of  iodine  on 
the  skin  ?     On  wood  and  paper  ? 

f.  To  the  iodine  of  e  add  5  c.c.  ethyl  alcohol^  C2H5OH. 
In  which  is  iodine  more  soluble,  water  or  alcohol?  An 
alcoholic  solution  is  often  called  a  tincture, 

g.  To  one-half  a  c.c.  of  powdered  iodine  in  a  flask  add  20 
<5.c.  water  and  then  pass  in  hydrogen  sulphide  (gas- chamber !) 
until  the  iodine  disappears.  Results?  Boil  the  solution 
gently  two  minutes,  and  filter  it.     Identify  the  precipitate 
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by  igniting  a  little  on  a  piece  of  porcelain.     Odor  ?     Te& 
the  filtrate  with  red  and  blue  litmus.     Results?     Add  s 
drop  of  it  to  1  C.C.  silver  nitrate  solution.     Result?     Ad 
some  to  1  c.c.  solid  sodium  carbonate.     Result  ?     What  sub- 
stances are  formed  from  hydrogen  sulphide  and  iodine 
Equation  ? 


EXPERIMENT   XLV. 
COMPARISON  OF  THE  HALOGEN  ACIDS. 

Materials.  —  Potassium  chloride,  bromide,  and  iodide;  com^-^ 
centrated  sulphuric  acid,  litmus. 

a.  Three  test  tubes   have   small   amounts  of   potassiuirr^- 
chloride,  bromide,  and  iodide,  respectively ;  treat  each  witb»- 
a  few  drops  of  concentrated  sulphuric  acid.     Results  ?     Blow^ 
your  breath  across  the  mouth  of  each  tube.     Result  ?     Test 
the  gas  of  each  with  blue  litmus.     Result  ?     Note  carefully 
the  odor  of  each  gas.     What  odors  beside  that  of  the  acid 
do  you  get  in  the  tube  of  potassium  iodide?     Heat  this 
tube.     Result  ? 

b.  Which  tube  gives  a  colorless  gas  ?  What  colors  the 
gas  in  each  of  the  two  other  cases  ?  From  the  amount  of 
coloration,  tell  which  of  the  three  halogen  acids  is  most 
easily  decomposed  into  its  elements.     Which  least 
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EXPERIMENT   XLVI. 
HYDROGEN  PEROXIDE. 

Materials, — Hydrochloric  acid,  barium  peroxide,  starch  so- 
lution, potassium  iodide  solution,  manganese  dioxide,  potassium 
permanganate,  ether,  potassium  dichromate  solution,  splinter. 

a.  To  25  CO.  water  add  5  c.c.  concentrated  hydrochloric 
acid  and  then  3  grams  powdered  hariimi  peroxide^  BaOg,  a 
little  at  a  time,  stirring.  Filter  the  solution ;  it  should  con- 
tain hydrogen  peroxide^  HgOg. 

h.  To  5  c.c.  starch  solution  add  a  drop  of  potassium  iodide 
sohition,  and  then  a  few  drops  of  the  hydrogen  peroxide 
solution.     Result  ? 

c.  To  3  C.C.  of  the  solution  of  a  add  3  c.c.  ether.  Do 
they  mix?  Is  the  ether  above  or  below?  Now  add  ojie 
drop  of  potassium  dichromate  solution.  Close  tube  and 
shake  gently.     Result? 

d.  To  5  c.c.  of  the  hydrogen  peroxide  solution  add  1  c.c. 
powdered  manganese  dioxide.  Result?  Test  gas  with  a 
glowing  splinter.     Result? 

e.  To  three  crystals  of  potassium  permanganate  in  a  test 
tube  add  2  c.c.  water  and  then  5  c.c.  of  the  hydrogen  perox- 
ide solution.    Result  ?    Test  with  glowing  splinter.    Result : 
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e. 


EXPERIMENT   XLVII. 
PHOSPHORUS  AND  PHOSPHORIC  ACID. 

Apparatus.  —  Test  tubes,  small  ignition  tube,  tongs,  eva] 
rating  dish,  file. 

Materials.  —  Red  and  yellow  phosphorus,  carbon  disulphi 
filter  paper,   phosphoric   acid,   ammonium   hydroxide  ;  silv 
nitrate,  disodium   hydrogen  phosphate,  magnesium  sulphai 
ammonium  chloride,  and  calcium  chloride  solutions. 

Caution.  —  Ordinary,  yellow  phosphorus  must  be  handl^^  -®^ 
only  with  tongs.,  never  with  fingers  I  It  must  be  kept  and  ci^'  ^^^^ 
under  water.  No  pieces  of  it  must  get  into  your  locker  ;  ancr^^"^" 
every  dish  that  has  contained  phosphorus  must  be  heated^  ^^^  ®^ 
that  the  phosphorus  may  be  completely  burned. 

Do  not  bring  carbon  disulphide  near  a  flame  I 

a.  Put  half  a  c.c.  of  red  phosphorus  into  a  test  tube,  an 
add  3  c.c.  carbon  disulphide.     Kesult?     Filter,  and  let  tl 
carbon  disulphide  evaporate,  without  heating,  in  a  hood, 
where  its  vapor  will  not  get  near  a  flame.     Result  ?     Wa — -^ 
any  phosphorus  dissolved  ? 

To  3  c.c.  carbon  disulphide  add  a  piece  of  yeUow  pbos- — 
phorus  not  larger  than  a  grain  of  xcheat     Shake  carefull^^ 
a  few  minutes.     Result  ?     Pour  the  solution,  every  drop  of^ 
i%  upon  a  piece  of  filter  paper  laid  flat  on  a  ring  of  the  ring' 
stand.     Let  the  carbon  disulphide  evaporate  without  heating" 
it.     Result  ?    Rinse  the  test  tube  before  putting  it  away. 

h.  Into  a  small  ignition  tube  put  a  layer  of  red  phosphorus 
not  more  than  5  mm.  thick,  hold  tube  horizontal  (tongs),  and 
gently  heat  end  containing  the  phosphorus.     What  collects 
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on  the  cold  part  of  the  tube  ?  When  the  tube  is  cold,  make 
a  file-mark  just  below  the  deposit,  and  break  the  tube.  Rub 
the  deposit  with  a  match  stick.  Result?  Conclusion? 
Finally^  heat  both  tubes  red  hot,  so  as  to  burn  up  all  the 
phosphorus.     Throw  the  pieces  into  iron  or  crockery  jars. 

c.  To  5  c.c.  water  add  1  c.c.  concentrated  (ortho)  phos- 
phoric acid,  neutralize  in  an  evaporating  dish  (use  litmus) 
with  ammonia,  and  add  silver  nitrate  solution.  Result? 
The  precipitate  is  silver  orthophosphate^  Ag3P04.  Write 
the  two  equations. 

Dissolve  2  c.c.  powdered  sodium  hydrogen  phosphate  in 
10  C.C.  water.  To  half  of  the  solution  add  calcium  chloride 
solution.  Result  ?  The  product  is  secondary  calcium  phos- 
phate^ CaHP04.     Equation  ? 

d.  To  5  c.c.  magnesium  sulphate  solution  add  1  c.c.  am- 
monia-water and  1  c.c.  ammonium  chloride  solution,  and 
then  the  disodium  hydrogen  phosphate  solution  from  c. 
Result  ?  The  product  is  magnesium  am,monium  phosphate^ 
NH4MgP04.  6H2O. 

(1)  Ka2nP04  +  ]Sr[l40n »  Na2NIl4P04  +  n^o. 

(2)  Na2NIl4P04  +  MgS04 »  MgNH^PO^  +  Ka,S04. 


EXPERIMENT   XLVITI. 
ARSENIC. 

A'pparatus,  —  Small  ignition  tube,  tongs,  test  tube,  beaker. 

Materials. — Arsenic  trioxide  (powdered),  charcoal,  hydro- 
chloric acid,  hydrogen  sulphide,  ammonium  sulphide,  sodium 
hydroxide  solution. 
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a.  Into  a  small  ignition  tube  put  powdered  arsenic  trioi 
ide^  AsgOg,  to  the  depth  of  5  mm.    Hold  the  tube  horizonU 
and  at  the  side  of  the  flame,  so  as  to  heat  only  the  end  coi 
taining  the  powder.     What  happens?     Now  slip  into  th^^e 
tube,  almost  to  the  arsenic  trioxide,  a  piece  of  charcoal  aboi::^K:t 
2  cm.  long.     Heat  the  charcoal  red  hot  (have  tube  horiS- 
zontal),  and  then  incline  the  tube  slightly  so  as  to  heat  tl^^ 
arsenic  trioxide  while  keeping  the  charcoal  red  hot     He'- 
sult  ?     Effect  of  charcoal  upon  the  oxide  ?    Equation  ?     Ho^w^ 
does  the  oxide  come  into  contact  with  the  charcoal  ?     Siib- 
liine  the  arsenic  obtained. 

h.  Heat  half  a  c.c.  of  arsenic  trioxide  with  8  c.c.  dilute 
hydrochloric  acid  to  gentle  boiling.  Result?  Equation? 
Pour  off  from  any  undissolved  material,  and  pass  in  hydro- 
gen sulphide  for  a  minute.  Result?  If  visible  product  is 
arsenic  trisulphide^  AsaSg  (its  color?),  write  equation.  Let 
settle,  pour  off  supernatant  liquid,  and  add  5  c.c.  ammonivm 
svlphide  to  residue,  shaking.  Result  ?  (Caution.  —  Do  not 
get  ammonium  sulphide  on  your  hands  I )  The  product 
now  formed  is  ammonium  sulpharsenite^  (NH4)8AsS8 ;  it  is 
soluble.  Treat  solution  with  an  excess  of  dilute  hydro- 
chloric acid  in  a  beaker.     Result? 

c.  Treat  half  a  c.c.  of  arsenic  trioxide  with  sodium  hy 
droxide  solution.  Warm  carefully.  Result?  The  solution 
contains  sodium  arsenite^  NasAsOg.  From  b  and  c  would 
you  say  arsenic  trioxide  has  acid^  or  basic^  properties  ? 
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EXPERIMENT   XLIX. 
ANTIMONY. 

Apparatus, — Mortar  and  pestle,  funnel,  ignition  tube. 

Materials,  —  Antimony,  concentrated  nitric  and  hydrochloric 
acids,  hydrogen  sulphide,  ammonium  sulphide,  antimony  triox- 
ide. 

a.  What  is  the  color  of  metallic  antimony  ?  Is  it  heavy 
or  light?  Powder  a  small  piece,  and  treat  part  of  it  in  a 
test  tube  with  concentrated  nitric  acid.     Results  *? 

b.  Treat  the  remainder  of  the  powdered  antimony  of  a 
with  3  c.c.  concentrated  hydrochloric  acid  and  1  c.c.  concen- 
trated nitric  acid.  Warm  to  start  the  action,  if  necessary. 
The  solution  contains  antimony  chloride^  SbClg.  Let  action 
continue  for  ten  minutes ;  then  add  15  c.c.  water.  Filter,  if 
necessary,  and  pass  in  hydrogen  sulphide.  If  there  is  no 
action,  dilute  still  more.  Result?  If  the  product  has  the 
formula  SbaSg,  write  the  equation.  Treat  the  antimony 
sulphide   as    you   did   arsenic    trisulphide   in    Experiment 

XLvni,  h, 

c.  Dissolve  half  a  c.c.  of  tartar  emetic  in  5  c.c.  water,  add 
a  drop  of  hydrochloric  acid,  and  pass  in  hydrogen  sulphide. 
Result  ?     Conclusion  ? 

d.  Heat  antimony  trioxide  (SbgOg)  in  an  ignition  tube  with 
charcoal,  as  you  did  arsenic  trioxide.     Results  ? 
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EXPERIMENT  L. 

BISMUTH. 

Apparatus,  — Mortar  and  pestle,  beaker,  test  tubes. 
Materials, — Bismuth,  concentrated  nitric  and  hydrochlo^^^^ 
acids,  bismuth  nitrate  crystals,  hydrogen  sulphide. 

a.  What  is  the  color  of  bismuth  ?    Is  the  metal  heavy 
light?    Malleable  or  brittle  (test  with  the  pestle)  ?    Treat 
bit  with  concentrated  nitric  acid.     Result  ?     Products  ? 

h.  To  half  a  c.c.  of  bismuth  nitrate  crystals,  'B\(^0^^^^^^ 
add  5  c.c.  water,  and  shake.     Result  ?    If  the  product  h;-  M^^ 
the  formula  BiONOg,  write  the  equation.     Now  add  hr^^^^^' 
drochloric  acid  (concentrated)  a  drop  at  a  time,  heating  t  ^ 

boiling  after  each  drop.'    Result?    Use  the  least  possiK-^^^ 
amount  of  acid. 

c.  Put  half  of  the  solution  from  h  into  a  beaker,  and  acF^^^  •^"" 
much  water.     Result  ?     Compare  with  first  part  of  b. 

d,*'  To  the  remainder  of  the  acidified  solution  of  bismu^'  ^^" 
nitrate  from  b  add  hydrogen  sulphide.  Result  ?  The  visibi  ^^^^k 
product  is  bismuth  sulphide^  BigSg.     Write  the  equation. 


EXPERIMENT  LI. 
BORAX  AND  BORIC  ACID. 

Apparatus.  —  Platinum  wire  sealed  into  glass  rod,  test  tules, 
beaker. 

Materials. — Borax,  potassium  dichromate,  manganese  dic^f- 
ide,  hydrochloric  acid,  and  sodium  carbonate  (solid). 
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.  a.  Borax  Bead.  Make  a  loop  2  mm.  in  diameter  on  the 
^nd  of  a  platinum  wire  sealed  into  a  piece  of  glass  tubing. 
Heat  the  loop  to  redness,  and  dip  it  into  powdered  borax, 
INa2B407. 10  HgO.  Heat  the  adhering  borax  just  withiii  the 
outer  edge  of  the  Bunsen  flame,  at  the  place  where  the  flame 
-9,8  widest.  This  is  the  fusing  zone  of  the  flame.  What 
liappens  first  ?  Heat  until  the  borax  melts  to  a  transparent 
glass.  If  there  is  not  enough  borax  to  fill  the  loop,  add 
more,  and  heat  again.  This  glassy  lump  is  called  the  borax 
1>eacL 

b.  Touch  the  hot  bead  to  a  tiny  speck  (less  than  half  as 
large  as  a  pin's  head)  of  potassium  dichromate^  KgCrgOY, 
^nd  heat  at  the  top  of  the  flame  until  the  dichromate  is  com- 
3)letely  absorbed  by  the  bead.  Color?  Remove  the  bead 
Iby  plunging  it  while  hot  into  water,  and  wipe  it  off  the  wii*e. 

c.  Make  a  new  bead,  and  touch  it  to  a  speck  of  man- 
ganese dioxide.  Heat  first  in  the  oxidizing  flame  of  the 
T)urner,  i,  6.,  just  above  the  visible  tip  of  the  flame.  Color? 
TN'ow  heat  it  in  the  reducing  region,  i,  <?.,  just  above  the  tip 
of  the  bright  blue  interior  cone.  Heat  it  there  persistently 
:for  five  minutes,  examining  it  from  time  to  time.  Result? 
IHeat  it  again  in  the  oxidizing  flame.     Result? 

d.  Boric  Acid. — Dissolve  5  grams  powdered  borax  in  10 
cc.  hot  water,  and  add  10  c.c.  concentrated  hydrochloric 
acid.  Set  aside  until  next  laboratory  period.  Result  ?  The 
product  is  boric  acid^  H3BO3.  Filter  off  the  crystals,  wash 
them  on  the  filter  with  a  little  cold  water,  and  dry  them  on 
fresh  filter  paper. 

6.  Dissolve  the  crystals  of  boric  acid  in  hot  water,  and  add 
the  solution  to  a  lump  of  sodium  carbonate.     Result  ? 
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EXPERIMENT  LIL 

lOHIZATIOH. 

McUeruxls,  —  Solutions  of  silver  nitrate,  potassium  cUor^E^^^? 
potassium  chlorate,  ammonia,  and  potassium  ferrocyanide  ;  ^^^^^' 
rous  sulphate  crystals. 

a.  Take  2  c.c.  silver  nitrate  solution  in  each  of  two  t::::^^^^^ 
tubes.  To  one  tube  add  a  few  drops  of  potassium  chlorrrride 
solution.  Xame  the  precipitate  from  Experiment  XVI^^^J 
to  I.     Equation? 

b.  To  the  second  tube  add  potassium  chlorate  soluti-  — ^^ 
Kesult?    Is  the  same  substance  precipitated  as  in  a? 

c.  Powder  a  crystal  of  ferrous  sulphate,  FeS04,  and  sh^^^^® 
it  with  5  c.c.  water.  Pour  off  the  solution,  and  add  to  i-^ — **  * 
C.C.  of  ammonium  hydroxide  solution.  Result  ?  If  the  p  i^nre- 
cipitate  in  ferrous  ht/dr oxide,  Fe(0H)2,  write  the  equatio^ci^  ^ 

d.  To  3  C.C.  of  potdssium  ferrocyanide  soluti-  — ^^^ 
K4Fe(CN)0,  add  ammonium  hydroxide.  Result?  Is  tn-^er- 
rouH  hydroxide  precipitated,  as  before  ? 

e.  liefer  to  Experiment  XXXIX,  a.    Why  does  the 
tion  between  sodium  bicarbonate  and  tartaric  acid  take  ph 
only  when  water  is  present? 


EXPERIMENT   LIIL 

HYDROLYSIS  AND  MASS  ACTION. 

Materials.  —  Antimony  trichloride    (crystalline   or  meltecijj 
hydrodiloric  acid. 
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a.  To  a  small  amount  (half  a  c.c.)  of  antimony  chloride, 

>bCl8,  add  5  c.c.  water,  and  shake.     Result?     The  visible 

product  is  essentially  antimony  oxycldoride^  SbOCl,  L  e.y 

OH 
5bOH  minus  water.     Write   the  equation.     Compare  the 

CI 
esiilt  with  Experiment  L,  b,  where  bismuth  nitrate  was  used. 

^.  To  the  precipitate  add  concentrated  hydrochloric  acid, 
I  drop  at  a  time,  warming  after  each  drop.  Result?  If 
he  solution  contains  antimony  chloride,  SbClg,  write  the 
equation. 

c.  Add  the  solution  obtained  in  ^  to  50  c.c.  water.  Re- 
sult?    Add  concentrated  hydrochloric  acid  again.     Result? 

cL  Compare  the  equations  of  a  and  b.  Write  one  of 
iiem,  using,  instead  of  the  equality  sign,  the  double  arrow 
^  ^.  In  which  direction  does  the  reaction  go  chiefly  when 
3,n  excess  of  water  is  used?  When  an  excess  of  acid  is 
used? 


EXPERIMENT   LIV. 
SODIUM  COMPOUNDS. 

Apparatus,  —  Test  tubes,  stopper  and  delivery  tube,  magni- 
fying glass,  platinum  wire,  watch  glass  or  glass  slip. 

Materials, — Sodium  bicarbonate,  lime-water,  sodium  car- 
l)onate  (solid  and  in  solution),  sodium  chloride,  calcium  chlor- 
ide, barium  chloride,  sodium  nitrate  and  sulphate,  hydrochloric 
acid. 

a.  Refer  to  Experiment  IX  for  the  properties  of  sodium 
and  its  action  on  water. 
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A  5eac  '1  «.*.!.*.  powltsre^l  sotimxiL  bicarbonate  carefully  in  a 
rjnist  ziw^  javimr  s  Uiiivenr  Gd)e  tiiat  paeses  into  lime-water. 
Lvdt^ut .'  L»  diftUTtt  ciay  othia:  Tolatile  prodact  ?  When  no 
Tuore  zatt  b  evuiVQ«l  ^lo  not  melt  the  test  tube),  let  the 
Dn)*nicc  ia  tdie  mbe  oool^  and  then  add  2  cc.  cold  water, 
y  'i>f  *he  rempeninire  etfect.  Compare  with  this  the  action 
or  :uiIiv'lrMii*  -ii)*!!!!™.  ourbonate  upon  water.  What  are  the 
D  n  n  li  I* 't2*  f» ' rrue^  I  b  y  heaang  ^Hxiiam  bicarbonate  ?     Equation? 

•.  Fle:ii:  *i  l'.c.  <<o«iiiim.  chloride  with  5  ex.  water  in  a  test 
uii^e:  liter:  und  Let  ^^me  of  the  ^trate  evaporate  com- 
[^it?ceiy  oa  jl  vrbi?**  ^>  or  a  watch  ^assw  Elxamine  the 
or}>taIii  with  j.  ni.brn ity invr  aik*s^  if  poi^able.     Their  shape? 

'^.  LWti^^^tve  a  ^mjJI  piece  of  Cfjlctam  cMoride,  Ca(\  in 
0  CO.  wuter.  iad  add  '?o«liam.  carbonate  s<^ation.  Result? 
Re[>eaiL  iisHitr  Kn-in-tt*.  'M^'ri^Je  iiistead  of  calchun  chloridft 
Result?     ^Vrite  the  e<[TiatioQ:<w 

ef.  I>if>  a  platinani  wire  with  a  glass  holder  (cf.  Experi- 
ment LL  'i)  into  o  c.c.  concentrated  hydrochloric  acid  in  a 
test  tuW«  aad  then  heat  the  wire  in  the  Bonsen  flame  until 
the  dame  remains  cv^lorletHSw  If  necessary,  dq>  the  wire  more 
than  once.  Now  wet  the  clean  wire  with  the  acid,  dip  it 
into  powdere*!  sodium  chloride,  and  heat  it  Effect  on  the 
tlame  *? 

/!  Clean  the  wire  and  repeat  «,  using  sodinm  nitrate  in- 
stead of  so<linm  chloride.  Re|>eat  again  with  sodium  sul- 
phate.    What  color  do  sodium  salts  give  to  the  flame? 
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EXPERIMENT   LV. 
POTASSIUM  COMPOUimS. 

laratus.  — ■  Watch  glass,  iron  dish,  test  tubes,  beaker  oi 
rating  dish,  platinum  wire,  copper  wire. 
terials.  —  Potassium  chloride,  sodium  nitrate,  sulphur, 
a  chloride  solution,  potassium  hydrogen  tartrate,  lime- 
dilute  sulphuric  acid,  concentrated  hydrochloric  acid, 
ium  nitrate,  and  potassium  sulphate. 

Seat  8  grams  of  potassium  chloride  and  10  grams  of 
n  nitrate  with  20  grams  of  water  until  there  is  corn- 
solution,  and  boil  off  half  of  the  water  over  the  wire 
Result?     Let   the  precipitate  settle  and  pour  the 
)n  into  a  test  tube.     Wash  the  residue  with  5  c.c.  cold 
,  and  then  dissolve  it  in  the  smallest  possible  amount 
b  water.     Pour  a  few  drops  of  the  solution  in  a  watch 
and  set  aside.     Result?     Compare  the  crystals  with 
obtained  in  Experiment  LIV,  c.     Conclusion  ? 
lat  happens  in  the  test  tube  containing  the  original 
)n  ?     The  visible  product  is  potassium  iiitrate^  KNOg. 
^ix  3  c.c.  powdered  potassium  nitrate  on  a  clean  piece 
>er  with  1  c.c.  powdered  sulphur,  and  pour  the  mixture, 
rrCs  lengthy  upon  a  hot  iron  dish  (use  no  wire  gauze). 
t?     Let  the  product  cool,  boil  it  with  10  c.c.  water  in 
tube,  and  add  to  6  c.c.  of  it  barium  chloride  solution. 
t?     See  Experiment  XXXVI,  h.     What  is  the  product 
)  deflagration  of  potassium  nitrate  and  sulphur  ? 
leat  an  iron  dish  red  hot,  and  pour  upon  it  3  c.c.  pow- 
potassium  hydrogen  tartrate^  KHC4H4O6  (cream  of 
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tartar).  Results?  Color  of  residue?  Heat  it  five  minutes 
longer  at  red  heat,  pressing  the  mass  down  with  a  glass  rod 
occasionally.  When  the  dish  is  cool,  treat  the  residue  in  a 
test  tube  with  dilute  sulphuric  acid.  After  all  evolution  of 
ga«  ceases,  identify  the  gas  by  placing  in  the  mouth  of  the 
tube  a  looped  copper  wire  holding  a  drop  of  lime-water. 
What  remains  undissolved?  What  substance  would  you 
find  in  plant  ashes  if  the  plants  contained  potassium  salts  of 
organic  acids? 

d.  Clean  a  platinum  wire  as  in  Experiment  LI V,  e  ;  dip 
it  into  strong  hydrochloric  acid,  and  then  into  powdered 
potassium  chloride,  and  heat  it  in  the  flame.  Result  ?  Re- 
peat, using  potassium  nitrate  instead  of  the  chloride.  Use 
the  sulphate.  Results?  What  color  do  potassium  com- 
pounds give  to  the  flame  ? 


EXPERIMENT   LVI. 

•SOLUBILITY  OF  POTASSIUM  CHLORIDE. 

Apparatus.  —  Steam  bath,  water  bath,  or  wire  gauze  ;  evap- 
orating dish,  balances. 

Materials.  —  Powdered  potassium  chloride,  distilled  water. 

a.  Make  a  saturated  solution  of  potassium  chloride  by 
shaking  12  grams  of  the  powdered  substance  in  a  clean  flask 
with  26  c.c.  distilled  water  at  the  temperature  of  the  room. 
Continue  shaking  every  little  while  for  fifteen  minutes. 
Record  the  temperature  of  the  solution,  and  then  weigh  out 
accurately  into  your  evaporating  dish  about  20  grams  of  the 
solution.     Now  evaporate  (see  h)  the  water  until  the  residual 
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potassium  chloride  is  perfectly  dry,  and  get  its  weight 
From  the  results  calculate  how  much  potassium  chloride 
will  dissolve  in  100  grams  of  water  at  the  room  temperature. 

b.  If  possible,  evaporate  the  solution  of  a  on  a  steam  or 
water  bath.  If  this  is  impossible,  evaporate  slowly  and  care- 
fully on  wire  gauze,  so  as  to  avoid  any  loss  by  spattering. 

c.  Record  your  results  thus :  — 

Grams. 
Weight  of  evaporating  dish  -[-  water  +  KCl  = 

"Weight  of  evaporating  dish  alone  = 

/.  Weight  of  water  +  KCl  = 

Weight  of  evaporating  dish  -|-  KCl  = 

Weight  of  evaporating  dish  alone  = 

.-.Weight  of  KC1  = 

.'.  Weight  of  water  found  :  weight  KCl  found  ::  100  grams 


EXPERIMENT  LVIL 

AMMONIUM  AMALGAM.     DISTINCTIONS  BETWEEN  THE 

ALKALI  METALS. 

Materials,  — Ammonium  chloride,  sodium  amalgam,  sodium 
and  potassium  chlorides,  tartaric  acid,  two  unknown  substances. 

a.  Dissolve  2  c.c.  ammonium  chloride  in  5  c.c.  water,  and 
add  a  piece  of  sodium  amalgam  (Xa  +  IIg).  Results? 
The  product  is  ammonium,  am,algam„  Xote  what  happens 
to  it     Odor  ?    Reaction  of  solution  ? 

Note. — Do  not  throw  away  the  resulting  mercury,  but  ask 
what  to  do  with  it. 

b.  Add  5  c.c.  water  to  3  c.c.  powdered  potassium  chloride 
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and  shake  thoroughly.  Pour  off  the  solution  and  add  to  it 
5  c.c.  of  a  concentrated  solution  of  tartaric  acid,  H2C4H4O6. 
Make  this  by  shaking  5  c.c.  powdered  tartaric  acid  with  15 
c.c.  water.  Wait  for  result.  Result  ?  The  product  is  po- 
tassium hydrogen  tartrate.     Equation  ? 

c.  Repeat  h^  using  sodium  chloride  in  place  of  potassium 
chloride.  Result  ?  Repeat  again,  using  ammonium  cJdor- 
ide  in  place  of  potassium  chloride.     Result  ? 

d.  From  Experiment  XXV,  h  and  c,  tell  what  happens 
when  ammonium  salts  are  treated  with  alkalies.  How  dis- 
tinguish between  sodium  salts  on  the  one  hand  and  ammon- 
ium, and  potassium,  salts  on  the  other?  Between  sodium 
salts  and  potassium  salts  (two  ways)  ? 

e.  Get  from  the  instructor  two  unknown  substances,  and 
determine  if  they  are  salts  of  sodium,  potassium,  or  ammo- 
nium. 


EXPERIMENT   LVIII. 
CALCIUM. 

Apparatus.  —  Triangle  of  iron  wire,  ring  stand,  blast-lamp, 
evaporating  dish,  platinum  wire,  and  coin. 

Materials.  — Lumps  of  marble,  lime-water,  red  litmus  paper, 
old  mortar,  plaster  of  Paris,  paper,  calcium  chloride,  calcium 
sulphate,  and  ammonium  carbonate  solution. 

a.  Touch  a  piece  of  wet  red  litmus  paper  with  a  piece  of 
marble.  Result  ?  Support  a  lump  of  marble  about  5  c.c.  in 
volume  on  a  triangle  of  iron  wire  laid  upon  a  ring  of  the 
ring  stand,  and  heat  the  marble  in  the  hottest  Bunsen  flame 
—  in  a  blast-lamp,  if  possible.     When  the  marble  is  cold, 
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touch  wet,  red  litmus  with  the  part  that  was  heated. 
Result  ?  Explain.  What  products  are  formed  when  marble 
is  heated  (cf.  Experiment  XL,  b)  ? 

Slake  about  5  c.c.  of  quicklime  by  adding  to  it  water, 
drop  by  drop,  as  long  as  the  water  is  taken  up  readily. 
Wait  for  the  result,  and  describe  it.  Is  there  a  temperature 
effect  ?     Equation  ? 

h.  To  a  piece  of  old  mortar  iu  a  test  tube  add  dilute  hy- 
drochloric acid.  Identify  the  gas.  What  does  fresh  mortar 
absorb  from  the  air? 

c.  Stir  10  C.C.  plaster  of  Paris  in  an  evaporating  dish 
wdth  enough  water  to  form  a  fairly  thick  paste.  Put 
the  paste  upon  a  piece  of  paper,  and  push  into  it  a  coin 
slightly  coated  with  vaseline.  At  once  wash  the  evapora- 
ting dish.  Let  the  paste  and  coin  stand  an  hour  or  more. 
Carefully  remove  the  coin  from  the  plaster.     Result  ? 

d.  To  a  solution  containing  a  calcium  salt,  i.  e.,  calcium 
ions^  add  am/nionium  carbonate  solution.  Result?  See 
Experiment  LIV,  d. 

e.  Clean  a  platinum  wire  as  in  Experiment  LIV,  e,  and 
determine  what  color  calcium  chloride  tijives  to  the  flame. 
Repeat  with  calcium  sulphate.  Be  sure  to  have  concen- 
trated hydrochloric  acid  upon  the  wire. 


EXPERIMENT   LIX. 
WATER  OF  CRYSTALLIZATION  IN  GYPSUM. 

Apparatus.  —  Evaporating  dish,  wire  gauze,  balances. - 
Material.  — Powdered  gypsum  (not  plaster  of  Paris). 


7  6  LAB  OB  A  TOB  Y  EXEB  CI8E8. 

a.  Weigh  your  evaporating  dish  (be  sure  it  is  clean  and 
dry),  and  into  it  weigh  accurately  about  3  grams  of  finely 
powdered  gypsum.  Get  the  exact  weight  of  the  gypsum 
taken,  and  record  it. 

b.  Heat  the  evaporating  dish  on  a  clean  wire  gauze  for 
ten  minutes  with  the  hottest  Bunsen  flame.  Then  let  the 
dish  cool,  weigh  it,  and  record  the  result.  Now  heat 
the  dish  again  for  five  minutes,  let  it  cool,  and  determine  the 
weight.  Compare  the  weight  after  the  first  ignition  with 
tliat  after  the  second.  Keep  your  second  weight  as  the 
final  one. 

c.  Record  your  results  thus  :  — 

Orams, 
Weight  of  evaporating  dish  -|-  gypsum  = 

Weight  of  evaporating  dish  alone  = 

.'.  Weight  of  gypsum  taken  := 

Weight  of  evaporating  dish  -\-  calcium  sulphate  =r 

Weight  of  evaporating  dish  alone  = 

.*.  Weight  of  water  found  =: 

.'.  Per  cent  of  water  in  gypsum  = 


EXPERIMENT   LX. 
STRONTIUM  AND  BARIUM. 

Apparatus.  —  Platinum  wire  and  test  tubes. 

Materials. — ^Strontium  chloride  and  nitrate,  barium  chloride 
and  nitrate ;  solutions  of  strontium  and  barium  chlorides ; 
ammonium  carbonate  solution  ;  dilute  sulphuric  acid. 

a.  Treat  2  c.c.  strontium  chloride  solution  with  a  few 
drops  of  ammonium  carbonate  solution.     Result  ?     Repeat, 
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using  bariwn  chloride  in  place  of  strontium  chloride.    Write 
equations. 

b.  Treat  2  c.c.  strontium  chloride  solution  with  dilute 
sulphuric  acid.  Result  ?  See  Experiment  XXXVI,  a.  Equa- 
tion? 

c.  Clean  the  platinum  wire  as  in  Experiment  LIV,  c,  and 
heat  a  bit  of  strontium  chloride  in  the  flame.  Repeat  with 
strontium  nitrate,  Sr(N08)2.     Results  ? 

d.  Repeat  c,  using  the  corresponding  barium  salts.  Re- 
sults? How  distinguish  between  calcium,  strontium,  and 
barium  salts? 


•   EXPERIMENT   LXI. 
WATER  OF  CRYSTALLIZATION  IN  BARIUM  CHLORIDE. 

Apparatus. — Evaporating  dish,  wire  gauze,  balances,  air 
bath  (?). 

Material, — Barium  chloride,  chemically  pure. 

a.  Have  your  evaporating  dish  clean  and  dry,  and  get  its 
weight  Then  weigh  into  it  accurately  about  3  grams  of 
barium  chloride ;  this,  should  be  pure,  dry,  and  finely 
powdered. 

b.  Heat  the  evaporating  dish  with  its  contents  in  an  air 
bath  at  120°  to  130°  C.  for  one  hour,  then  cool  it  ten  minutes, 
and  get  its  weight.  Record  your  results  as  in  Experiment 
LIX,  G,  and  get  the  per  cent  of  water  in  the  crystallized 
barium  chloride. 
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EXPERIMENT   LXII. 
MAGNESIUM, 

Apparatus.  —  Tongs,  test  tubes. 

Materials.  — Magnesium  wire,  dilute  hydrochloric  acid,  solu- 
tions of.  magnesium  sulphate  and  chloride,  disodium  hydrogen 
phosphate,  and  ammonium  chloride  and  hydroxide,  magnesite. 

a.  Hold  a  piece  of  magnesium  wire  2  cm.  long  in  the 
flame  (use  tongs).     Result?     Describe  the  product. 

h.  Treat  a  second  piece  of  magnesium  with  dilute  hydro- 
cliloric  acid.  Result?  Identify  the  gas,  and  write  the 
e(| nation.     See  Experiment  VI. 

c.  To  2  c.c.  of  magnesium  sulphate  solution  add  sodium 
carbonate  solution.  Result?  Repeat,  using  tnagnesiinn 
cidoride  instead  of  the  sulphate. 

d.  See  Experiment  XL VII,  d^  for  the  action  of  a  solution 
containing  a  magneshim  salt  with  disodium  hydrogen  phos- 
phate and  ammonium  hydroxide.  Rewrite  the  equations 
here. 

Repeat  that  experiment  with  mag^iesiuin  chloride  solution 
instead  of  the  sulphate.     Equation  ? 

e.  Treat  a  small  piece  (half  a  c.c.)  of  magnesite  witli 
dilute  nitiic  acid.  Result  ?  Identify  the  gas,  and  write  the 
equation. 

From  Experiment  XL,  ^,  tell  the  effect  of  heat  upon 
magnesite. 
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EXPERIMENT   LXIII. 
ZINC. 

Apparatus, —  File  or  sand-paper,  knife,  iron  dish  with  flat 
bottom,  test  tubes,  mouth  blowpipe. 

Materials,  — Zinc,  tin,  lead,  and  copper  ;  zinc  dust ;  solutions 
of  zinc  sulphate,  sodium  hydroxide,  and  ammonium  sulphide  ; 
dilute  sulphuric  and  hydrochloric  acids  ;  hydrogen  sulphide  ; 
stick  of  charcoal. 

a.  Clean  part  of  a  piece  of  zinc  with  a  file  or  with  sand- 
paper. Color  ?  Is  zinc  hard  or  soft  (use  a  knife  or  rough 
edge  of  glass)  ?  Place  a  burner  "below  the  center  of  an 
iron  dish.  At  equal  distances  from  the  center  place  pieces 
of  zinc,  tin,  lead,  and  copper,  and  determine  the  order  in 
which  they  mdt.     Return  the  metals  to  the  proper  bottles. 

b.  Heat  a  piece  of  zinc  on  charcoal  with  the  oxidizing 
flame  produced  by  the  mouth  blowpipe.  Results  ?  To  do 
this  proceed  as  follows :  — 

Hollow  out  a  depression  near  one  end  of  the  charcoal,  and 
into  it  put  the  zinc.  To  make  the  blowpipe  flame,  have  a 
luminous  Bunsen  flame  4  cm.  high,  and  hold  the  blowpipe  so 
that  the  flame  produced  will  be  inclined  about  30  degrees  to 
the  horizontal  plane. 

To  make  an  oxidizing  flame,  hold  the  end  of  the  blowpipe 
inside  the  luminous  flame,  a  centimeter  above  the  tip  of  the 
dark,  inner  cone.  Hold  the  charcoal  at  such  a  distance  that 
the  zinc  is  in  the  outer,  faintly-luminous  part  of  the  blowpipe 
flame. 

To  make  a  reducing  flame,  hold  the  tip  of  the  blowpipe  just 
at  the  outer  edge  of  the  flame  at  its  middle  part,  and  hold  the 
assay  (here,  zinc)  much  nearer  the  blowpipe  than  in  the  oxi- 
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i\\'/A\\\^  flame.     The  proper  region  is  just  at  the  tip  of  the  inner^ 
li{j/U-hliie  cone  of  the  blowpipe  flame. 

c.  What  action  has  hydrochloric  acid  upon  zinc?  Equa- 
tion ?  See  Experiment  V  for  the  action  of  dilute  sulphuric 
acid,  and  Exi)eriraent  X  for  the  behavior  of  zinc  sulphate 
(•rystals,  ZnS04.  7  HgO,  when  heated. 

(I  Mix  1  c.c.  zinc  dust  with  5  c.c.  sodium  hydroxide  so- 
lution, and  heat  carefully.  Test  evolved  gas  with  a  flame. 
Result?  The  solution  contains  sodium  zincate^  NaaZnOg. 
Write  the  equation. 

«.  To  2  C.C.  zinc  sulphate  solution  add  a  drop  of  sodium 
liydroxide  solution.  Result  ?  What,  probably,  is  the  pre- 
cipitate? Equation?  Repeat  with  a  second  test  tube. 
Now  a<ld  to  the  first  tube  dilute  hydrochloric  acid,  shaking. 
'Vi)  the  set^ond  tube  add  an  excess  of  sodium  hydroxide, 
shaking.  Results?  The  alkaline  solution  contains  sodium 
zincAte.     Equations  ? 

What  do  these  experiments  show  as  to  the  nature  of  zinc 
hydroxide  ? 

f.  To  10  c.c.  zinc  sulphate  solution  add  a  drop  of  dilute 
sulphuric  acid,  and  then  hydrogen  sulphide.  Result?  Put 
the  solution  into  a  beaker  and  add  5  c.c.  ammonium  sul- 
phhh  solution,  stirring.  Result?  The  product  is  zinc 
snlphkle^  ZnS.     Color  ?     Equation  ? 

Add  10  c.c.  water,  stir  the  mixture,  let  it  settle,  and  then 
])Our  off  the  supernata^it  liquid.  Add  15  c.c.  more  water, 
stir,  let  settle,  and  decant ,  i.  e.,  pour  off  the  water.  This  is 
called  "  washing  by  decantation." 

To  the  zinc  sulphide  add  dilute  sulphuric  acid.  Result  ? 
What  is  the  gas?  Equation  ?  Why  was  not  zinc  sulphide 
precipitated  by  hydrogen  sulphide? 
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EXPERIMENT   LXIV. 

EQUIVALENT  OF  ZINC. 

Apparatus,  —  Same  as  in  Experiment  VI. 
Materials.  — Zinc,  in  sheet  form  or  in  sticks  ;  dilute  (5%)  sul- 
phuric acid. 

a.  Dissolve  zinc  in  dilute  sulphuric  acid  just  as  you  did 
magnesium  in  Experiment  VI,  and  find  the  volume  of  hy- 
drogen liberated  by  a  known  weight  of  zinc.  Use  from 
0.45  gram  to  0.65  gram  of  zinc.  If  the  zinc  is  in  she^t 
form,  it  will  react  readily;  but  a  little  impurity,  chiefly 
carbon,  will  remain  insoluble.  If  the  zinc  is  pure^  it  will 
react  with  difficulty ;  therefore  wind  about  the  zinc  a  piece 
of  platinum  wire  or  a  narrow  strip  of  platinum  foil.  Set 
the  apparatus  aside  until  the  zinc  is  in  solution ;  then  pro- 
ceed as  in  Experiment  VI. 

b.  Reduce  the  volume  of  hydrogen  to  standard  condi- 
tions^ and  calculate  the  weight  of  the  hydrogen  obtained. 
Finally,  solve  for  x  in  the  proportion,  — 

Weight  of  zinc  taken  :  weight  of  hydrogen  obtained  :: 

X  :  1. 

The  value  of  x  will  be  the  equivalent  of  zinc. 


EXPERIMENT   LXV. 

CADMIUM. 

Materials.  —  Cadmium    sulphate,  hydrogen    sulphide,    am- 
monium sulphide. 
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a.  Dissolve  completely  not  more  than  1  c.c.  cadmium 
sulphate^  CdS04,  in  5  c.c.  water,  and  add  hydrogen  sulphide 
i?b  excess.  Result?  The  visible  product  is  cadm,ium,  sul- 
phide^ CdS.  Color?  Equation?  What  other  sulphides 
of  the  same  color  have  you  had  ?  Wash  the  precipitate  by 
decantation^  and  treat  it  with  5  c.c.  ammonium  sulphide. 
Kesult?  How  distinguish  between  cadmium  sulphide  and 
other  sulphides  of  the  same  color  ? 


EXPERIMENT   LXVL 
MERCURY. 

Apparatus.  —  Pipette  (medicine  dropper). 

Materials.  — Mercury,  concentrated  nitric  acid,  hydrogen  sul- 
phide, hydrochloric  acid,  sodium  hydroxide  and  potassium 
iodide  solutions,  ammonium  hydroxide,  zinc,  and  copper. 

Caution. — Before  working  with  mercury  remove  all  rings. 
Do  not  throw  mercur}'  away  ;  but  ask  what  you  are  to  do  with  it. 

a.  By  means  of  a  pipette  take  from  the  mercury  bottle  a 
globule  three  times  as  large  as  an  ordinary  water  drop ;  add 
to  it  "2  c.c.  water  and  2  c.c.  concentrated  nitric  acid.  Result  ? 
Let  stand  until  action  stops ;  this  may  take  some  hours. 

b.  While  waiting  for  a,  dissolve  a  globule  of  mercury  the 
size  of  a  water  drop  in  concentrated  nitric  acid ;  this  gives 
mercuric  nitrate^  Hg(X03)2.  Equation  (c/I  Experiment 
XXIX,  g)  ?     Dilute  with  15  c.c.  water. 

c.  To  2  c.c.  m'ercuric  nitrate  solution  (b)  add  hydrogen 
sulphide.  Result?  The  precipitate  is  mercuric  sulphide^ 
HgS.     Equation  ? 
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d.  Add  to  separate  portions  of  the  nitrate  solution,  hydro- 
chloric acid,  sodium  hydroxide  solution,  and  potassium 
iodide  solution,  respectively.  Results?  Add  the  potassium 
iodide  drop  by  drop^  noting  changes.  Write  equations 
where  possible. 

Note.  —  With  sodium  hydroxide  we  should  expect  mercuric 
hydroodde^  Hg(0H)2  ;  this,  however,  decomposes  into  the  oocide 
and  water. 

e.  Note  the  result  of  a.  The  crystals  are  mercurous  ni- 
trate^ HgNOg ;  pour  out  into  a  beaker,  and  add  15  c.c.  water 
and  a  drop  of  strong  nitric  acid. 

f.  To  2  c.c.  of  the  mercurous  nitrate  solution  of  e  add  hy- 
drogen sulphide.  The  precipitate  is  mercuric  sulphide  and 
mercury.     Write  the  equation. 

g.  Repeat  d  with  the  mercurous  instead  of  the  mercuric 
nitrate.  Results  ?  With  sodium  hydroxide  the  precipitate 
is  mercurous  oxide,  HggO.  Write  the  equations.  Treat  the 
precipitate  produced  by  hydrochloric  acid  with  am7)iomiwi 
hydroxide.    Result  ? 

h.  Into  the  rest  of  the  mercurous  nitrate  put  a  strip  of 
zinc  and  a  copper  wire.  Results?  Now  rub  them  dry. 
Results  ? 

i.  Classify  the  results  of  c,  d,  f,  and  g  in  five  vertical 
columns. 


Formula  of 
Precipitant. 

Mercuric  Kitrate. 

Mercurous  Kitrate. 

Formula  of 
Ppt. 

Color. 

J^'ormula  of 
Ppt. 

Color. 

NaOH,  etc. 
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EXPERIMENT   LXVII. 
COPPER. 

Apparatus.  —  File  or  sand-paper. 

Materials.  —  Copper  wire,  concentrated  hydrochloric  acid; 
solutions  of  cupric  sulphate,  ammonium  hydroxide,  sodium  hy- 
droxide, and  cupric  nitrate  ;  grape-sugar ;  iron  nail. 

a.  File  a  piece  of  copper  bright.  Color  ?  Is  it  hard  or 
soft  ?  From  Experiment  LXIII  give  its  fusibility  compared 
with  zinc,  etc.  By  holding  one  end  of  the  wire  in  the  Hame 
determine  if  it  is  a  conductor  of  heat 

h.  From  Experiments  XXIX  and  XXXIV  tell  the  action 
of  nitric  and  sulphuric  acids  upon  copper.  Find  out  if  cop- 
per reacts  readily  with  concentrated  hydrochloric  acid. 

c.  To  2  c.c.  cupric  sulphate  solution  add  am/moniutn  hy- 
dr oxide  solution  in  excess.  Result?  Repeat  with  sodium 
hydroxide  instead  of  ammonium  hydroxide.  Result?  Re- 
peat, having  the  cupric  sulphate  hot^  and  then  add  the  sodium 
hydroxide.  Result?  The  last  precipitate  is  cupric  oxide^ 
CuO.     How  formed  {cf.  Experiment  LXVI,  d  and  g)  ? 

d.  From  Experiment  XXXIII,  b  and  c,  tell  the  effect  of 
hydrogen  sulphide  upon  cupric  sulphate.  Equation?  Pass 
hydrogen  sulphide  into  cupric  nitrate  solution.  Result? 
Equation  ?  What  is  the  effect  of  heating  blite  vitriol  {cf. 
Experiment  X,  e?)  ? 

e.  Dissolve  half  a  c.c.  powdered  grape-sugar^  CeHjgOe,  in 
2  c.c.  water,  and  add  it  to  5  c.c.  cupric  sulphate  solution. 
Now  add  sodium  hydroxide  solution,  shaking,  until  the 
precipitate    first    formed    is    redissolved.     Color?    Warm 
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carefully,  noting  changes.  Let  stand.  Results?  Color 
of  product  ?  It  is  cuprous  oxide^  CugO.  What  effect  had 
the  grape-sugar? 

/!  Put  an  iron  nail  into  cupric  sulphate  solution.   Uesult? 


EXPERIMENT   LXVIII. 

SILVER. 

Materials. —  Silver  foil,  silver  nitrate  solution,  nitric  acid,  sod- 
ium thiosulphate  ;  solutions  of  sodium  chloride  and  potassium 
bromide,  iodide,  and  cyanide  ;  filter  paper;  hydrogen  sulphide. 

«.  In  a  test  tube  treat  a  piece  of  silver  foil  with  2  c.c. 
concentrated  nitric  acid.  Result  *^  Equation  ?  Dilute  with, 
water  to  10  c.c. 

b.  To  2  c.c.  of  the  solution  of  a  add  5  c.c.  sodium  chloride 
solution.  Result?  Equation  (cf.  Experiment  XVII,  J)? 
I^oil  the  contents  of  the  tube.  Result  ?  Get  the  precipitate 
on  filter  paper,  and  expose  it  to  sunlight.     Result  ? 

c.  To  5  C.C.  of  solution  a  add  1  c.c.  potassium  bromide  so- 
lution. Result?  Heat  to  boiling,  pour  off  the  supernatant 
liquid,  and  add  to  half  of  the  precipitate  sodium  thiosfd- 
phate  solution,  NagSaOg  (make  this  by  dissolving  the  crystals 
in  water).  Result?  Expose  the  other  half  on  filter  j)a])er 
to  sunlight     Result? 

d.  To  1  c.c.  silver  nitrate  solution  add  1  c.c.  potasstmn 
iodide  solution.     Result  ?     Equation  ? 

e.  To  Ice.  silver  nitrate  solution  add  hydrogen  sulphide. 
Result  ?     Equation  ? 

f.  To  1  C.C.  silver  nitrate  solution  2id^potassium  cyanide 
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solution,  drop  by  drop.  Result?  Equation?  Continue 
adding  it,  shaking,  until  it  is  in  excess.  Result?  The  so- 
lution contains  the  double  cyanide^  KCN.  AgCN,  i,  c, 
KAg(CN)2.  Add  sodium  chloride  solution.  Result?  Ex- 
plain the  result  in  terms  of  the  ionic  theory  (c/I  Experi- 
ment LII). 


EXPERIMENT  LXIX. 
ALUMINUM. 

Apparatus.  —  Test  tubes,  tongs,  blast-lamp. 

Matenuh.  —  Aluminum  wire  and  filings,  white  muslin,  hy- 
drochloric acid  ;  solutions  of  sodium  hydroxide,  aluminum  sul- 
phate, sodium  carbonate,  alum,  ammonium  hydroxide,  and 
cochineal ;  powdered  alum,  sodium  bicarbonate,  potassium  sul- 
phate, ammonium  sulphate,  aluminum  sulphate. 

a.  Determine  whether  aluminum  is  a  conductor  of  heat 
as  in  Experiment  LXYII,  a.  Does  the  wire  melt  in  the  Bun- 
sen  flame  (use  tongs)  ?     Try  the  blast-lamp.     Result? 

h.  To  2  c.c.  aluminum  filings  add  5  c.c.  concentrated  hy- 
drochloric acid,  and  warm.  Result?  Test  the  gas.  Equa- 
tion? 

c.  Wash  the  filings  remaining  from  ^,  by  decantation,  add 
5  c.c.  concentrated  sodium  hydroxide  solution,  and  warm 
carefully.  Determine  the  nature  of  the  gas  evolved.  Re- 
sult? The  solution  contains  sodium  aluminate^  NagAlOa 
{cf.  Experiment  LXIII,  d).     Equation? 

d.  To  5  c.c.  of  aluminum  sulphate  solution,  Al2(S04)8, 
add  1  c.c.  sodium  hydroxide  solution.  Result?  Equation? 
Get  half  of  the  precipitate  into  a  second  test  tube,  and  add 
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ail  excess  of  sodium  hydroxide  solution.  Kesult?  If  the 
sohition  now  contains  sodium  ahmiinate,  NagAlOg,  write 
the  equation.  To  the  other  half  of  the  precipitate  add  hy- 
drochloric acid.  Result?  Equation?  Compare  vaXh  this 
the  behavior  of  zinc  hydroxide, 

e.  Dissolve  as  much  artiinoniuni  sxilpluite  as  possible  in 
5  c.c  hot  water,  and  add  to  it  in  a  beaker  6  c.c.  water  simi- 
larly saturated  with  alurtiinuni  siilplmte,  C^ool  the  mixture. 
Result?  The  product  is  artiinonium  alum.  Heat  again  to 
complete  solution,  and  let  stand  over  night.  Kesult  ?  *Shape 
of  crystals  ? 

f.  •  Repeat  e,  using  potassium  sulphate  instea<i  of  am- 
monium sulphate.     Results  ?     Comj)are  the  crystals. 

g.  To  5  C.C.  of  the  solution  of  any  aluminum  salt  add 
sodium  carbonate  solution.  Result?  Identify  the  esc^ap- 
ing  gas.  The  precipitate  is  ahaninum  ht/droxide^  Al(()II)s. 
Mix  a  cubic  centimeter  of  powdered  alum  with  a  cubic  centi- 
meter of  sodium  bicarbonate,  and  add  water.     Result  ? 

h.  To  1  c.c.  of  a  solution  of  cochineal  add  5  c.c.  alum  so- 
lution, immerse  a  piece  of  white  muslin,  and  then  add  am- 
monium hydroxide  solution,  shaking.     Results  ? 


EXPERIMENT   LXX. 
IRON. 

Apparatus,  —  Test  tubes,  tongs,  blast-lamp,  magnet,  beaker, 

Materials,  —  Iron  wire  and  filings,  copper  wire  ;  hydrochloric, 

sulphuric,  and   nitric   acids ;   solutions  of  potassium   ferrocy- 
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anide,  ferricyanide,  and  sulphocyanate  ;  ammonia  water,  hy- 
drogen sulphide,  ammonium  sulphide,  solid  ferrous  sulphate, 
and  ferric  chloride. 

a.  Compare  the  heat  conductivity  of  iron  wire  with  that 
of  copper.  Test  its  magnetic  properties ;  its  fusibility  in  the 
Bunsen  flame  and  the  blast-lamp.     Results  ? 

h.  Treat  3  c.c.  iron  filings  in  a  beaker  with  20  c.c.  dilute 
hydrochloric  acid,  stirring.  Results  ?  Identify  the  gas.  If 
the  solution  contains  ferrous  chloride^  FeClg,  write  the  equa- 
tion. When  action  almost  ceases,  filter  off  10  c.c.  of  the 
solution.     Color  of  filtrate  ? 

c.  Divide  the  filtrate  of  h  into  four  parts.  To  the  first 
add  a  few  drops  of  potassium  ferricyanide  solution, 
K8Fe(CN)6.  Result?  This  is  ''TimibuWs  blue:'  To  the 
second  jiortion  add  ammonia- water.  Result?  Equation? 
Note  any  change  on  standing  in  the  air.  To  the  third  part 
add potassiu?nferroci/a?iide,  K4Fe(CN)6.  Result?  To  the 
last  portion  add  potassium  sulphocyanate  solution,  KSCN, 
Result  ? 

Wash  out  your  test  tubes  and  beakers  at  once. 

d.  Filter  the  remainder  of  the  ferrous  chloride  solution  oi 
^,  and  add  2  c.c.  concentrated  nitric  acid.  Heat  carefully  for 
two  minutes  in  a  beaker.  Resulting  color  ?  The  solution 
contains /erric  chloride  and  nitrate.  To  a  drop  of  it  in  a 
test  tube  add  a  di'op  of  potassium  ferricyanide  solution ;  if 
it  still  gives  a  blue  precipitate,  add  2  c.c.  more  nitric  acid, 
and  boil  again. 

Treat  the  resulting  substance  in  four  test  tubes  with  the 
reagents  used  in  c.     Result  in  each  case  ? 

The  precipitate  from  potassium  ferrocyanide  and  a  ferric 
salt  is  <<  Prussian  blue." 


aoy.  Sd 


«.  CbaaDN-tifee  vwnhs  of  r  and  J  (i<ksx  \^t\^  in  t^xx^  x^r 
tieal  cy4iiinii& 


FeiTMis  Chloride.  Forrio  i^h^^ri«i, 

Foimiila — 

of  Bea^ent.     Pre<apitax<*        ,-.  ,  rnvipit,Hio        ,  . 

or  ^<•latlou?  or  >H>hmon? 


y!  In  a  test  tube  shake  '2  c.o.  |H>xvdonvl  /VnNw/jf  s^fif\h,iU 
with  10  c-c  water,  pour  off  half  of  the  sohitioiu  nnd  jv^ns 
hydrogen   solphide  into   it     Result?     IVh^k   all    I  ho    u>\n 
appear  to  be  precipitated?     Write  the  tHjuanon  rt»|*tv>oui 
ing  the  reaction  you  would  exj>eot  to  take  |»l*u\\ 

From  Experiment  XXXIII  tell  the  etYeot   of  dihito  s\d 
phuric   acid   upon   ferrous   sulphide.     Write   X\h>   \\\\u\Xm\ 
here.     Compare  these  two  eijuations.     Conohision? 

To  the  other  half  of  the  ferrous  sulphate  si>hi(ion  add  tne 
drops  of  dilute  sulphuric  acid,  and  pass  in  /if/tirot/ttt  ,v^//»/ji<A\ 
Compare  with  the  result  without  the  arid  ?     Now  add  tmj 
manium  sulphide.     Result?     Equation? 

g.  Dissolve  1  c.c.  ferric  chloride^  l^'eCl.^  in   U>  oa\  \vatei\ 
and  pass  in  hydrogen  sulphide  at  least  two  minutes,     Ke 
suit?     Boil  the  contents  of  the  tube,  and  then  lilter.     Tent 
the  filtrate  with  a  drop  of  potassium  ferrioyanide  sohition. 
Result  and  conclusion  ? 

Determine  the  nature  of  the  residue  on  the  filter  paper  Uy 
collecting  it  on  a  piece  of  porcelain  and  ignitinuf  it.     Odor? 

Write  llie  equation  for  the  action  of  hydrogen  sulphide 
on  ferric  chloride. 
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EXPERIMEXT  LXXL 
KICKEL  AHD  COBALT. 

Apparatus.  — Platinum  wire,  test  tubes. 

Materials.  —  Nickel  aud  cobalt  aud  their  nitrates  ;  solutions 
uf  the  nitrates  ;  borax,  sodium  hydroxide  solution,  couceii- 
t rated,  chemically  pure  hydroi*hloric  acid. 

a.  Give  the  phygical  properties  of  cobalt  and  nickel  from 
an  examination  of  the  metala     Effect  of  a  magnet  ? 

b.  To  2  cc.  nickel  nitrate  solution,  Ni(XOs)2,  add  a  drop 
of  hydrochloric  acid  and  then  hydrogen  sulphide.  Result? 
Now  add  anunomuTn  sulphide.  Result?  Equation?  Ex- 
plain the  results  from  Experiments  XXXIIT  and  LXX,^/! 

c.  Make  a  borax  bead  as  in  Experiment  LT,  a  and  ^,  and 
determine  the  color  given  to  it  by  nickel  nitrate. 

d.  Repeat  b  and  c  with  cobalt  nitrate^  Co(N08)2,  instead 
of  nickel  nitrate.     Results? 

e.  To  2  cc.  cobalt  nitrate  solution  add  sodium  hydroxide 
solution,  a  drop  at  a  time,  until  it  is  in  excess.     Residts  ? 

f.  To  2  cc.  cobalt  nitrate  solution  add  5  cc  concentrateil, 
chemically  pure  hydrochloric  acid.  Result?  Dilute  with 
water.     Result  ? 


EXPERIMENT   LXXTI. 

MANGANESE   COMPOUNDS. 

Apparatus.  — Platinum  wire,  test  tubes. 

Materials. — Manganese  sulphate,  potassium  permanganate, 
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ferrous   sulphate,  grape-sugar,  ammonia-water,  hydrogen  sul- 
phide, and  ammonium  sulphide. 

a.  Dissolve  1  c.c.  powdered  manganese  svlphate^  MnS04, 
in  5  c.c.  water.  To  half  of  it  add  a  drop  of  dilute  sul- 
l)huric  acid  and  then  hydrogen  sulphide,  llesult?  Now 
add  ammonium  sulphide.  Result?  Color?  Equation? 
Explain  the  results. 

K  To  the  other  half  of  solution  a  add  ammonia- water. 
Result  ?     Equation  ? 

c.  To  2  c.c.  ferrous  sulphate  solution  {cf.  Experiment 
LXX,  f)  add  potassium  permanganate  sohition.  Result? 
Continue,  drop  by  drop,  until  the  solution  is  just  faintly 
|>ink.  Now  add  ammonia-water.  State  and  explain  tlie 
result  {cf  Experiment  XXXT  V,  /). 

d.  Dissolve  a  crystal  oi  potassium  perraangaiiate^  KMn04, 
in  water,  and  add  grape-sugar  solution.  Result?  Explain 
{cf.  Experiment  LXVIT,  e), 

c.  From  Experiment  XYI  tell  the  action  of  manganese 
^'^OQdde  with  hydrochloric  acid ;  from  Experiment  VII,  with 
potassium,  chlorate;  from  Experiment  XL VI,  witli  hydro- 
gen  peroxide ;  and  from  Experiment  LI,  a^  tell  the  color  of 
the  manganese  head. 


EXPERIMENT   LXXIII. 


CHROMIUM  COMPOUNDS. 


ate. 


-Appcwa^wS'  —  Chlorine  generator,  platinum  wire,  evaporating 
dish,  test  tubes. 
MoX&naXs,  —  Solutions  of  potassium  chromate  and  dichrom- 
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ate,  of  chromic  chloride,  of  potassium  and  sodium  hydroxides; 
hydriH'hloric  acid,  alcohol,  borax,  barium  chloride  solution, 
chrome-alum. 

a.  What  is  the  color  of  solutions  of  potcissium  cli- 
chromate  (KjCraO-),  potassium  chromate  (K2Cr04),  and  of 
chromic  chloriih  (CrC'ls)  ? 

b.  Treat  1  c.c.  of  potassium  dichromate  solution  with  a 
drop  of  potassium  hydroxide  solution,  liesult?  From  the 
color  tell  what  is  fornie<l. 

Complete  the  equation, 

YiXuO.  +  2  KOH »  ?  +  ? 

c.  To  1  c.c.  potassium  chromate  solution  add  a  drop  of 
concentrated  hydrochloric  acid.     Result?     What  is  formed? 

2  K^CrO,  +  2  IICl »  ?  +  ?  +  ? 

How  can  a  dichromate  be  changed  to  a  chromate  ?  A 
chromate  to  a  dichromate  ? 

d.  To  2  c.c.  potassium  chromate  solution  add  barium 
chloride  solution.  Result?  Equation?  Repeat  vdt\\ 
chromic   chloride  instead   of    the    chromate.      Result? 

€.  To  1  c.c.  chromic  chloride  solution  add  a  drop  of 
sodium  hydroxide  solution.  Result?  Equation?  Xow 
add  the  alkali  iyi  excess^  shaking.  Result?  The  solution 
contains  a  chromite^  NaCrOg.  What  other  elements  behave 
in  this  way  ?  See  Experiments  LXIII  and  LXIX.  Save 
ior  g. 

f.  Repeat  e  with  potassium  chromate  instead  of  chromic 
chloride.  Result  ?  In  what  three  wavs  can  a  chromic  salt 
be  distinguished  from  a  chromate? 

g.  To  the  clear  solution  of  e  add  chlorine  gas  until  there 


LEAD.  93 

is  no  further  change.  Do  tliis  in  a  gas-chamber.  Results  ? 
Test  the  resulting  solution  as  in  ft,  c,  and  d.  Results  ?  How 
can  a  chromic  salt  be  changed  into  a  chromate  ? 

h.  To  10  C.C.  potassium  dichromate  solution  in  an  evapo- 
rating dish  add  2  c.c.  concentrated  hydrochloric  acid  and 
ii  c.c.  ethyl  alcohol  Boil  until  bright  green,  but  not  to  dry- 
ness. Test  a  part  of  the  liquid  with  barium  chloride  sohi- 
tion.  Result?  With  potassium  hydroxide  solution.  What 
does  the  green  solution  contain?  How  can  a  chromate 
be  changed  to  a  chromic  salt?  See,  also.  Experiment 
XXXIV,  / 

i.  Refer  to  Experiment  LI  for  the  borax  bead  test.  Re- 
peat with  a  tiny  piece  of  chrome-alum.     Result  ? 


EXPERIMENT    LXXXIV. 
LEAD. 

Apparatus,  —  File  or  knife,  test  tubes,  mouth  blowpipe. 

Materials,  —  Lead  ;  hydrochloric,  nitric,  and  sulphuric  acids  ; 
lead  nitrate,  solutions  of  potassium  chromate  and  sodium  hy- 
droxide, lead  oxide,  stick  of  charcoal. 

a.  File  or  cut  off  the  coating  on  lead.  Is  it  hard  or  soft  ? 
Color?  Try  to  mark  on  paper  with  lead.  Result?  Refer 
to  Experiment  LXIII,  a,  for  its  fusibility.  Treat  a  small 
piece  with  hydrochloric  acid,  both  the  dilute  and  the  strong. 
Results  ?  Wash  the  lead,  and  add  2  c.c.  concentrated  nitri(r 
acid  and  2  c.c.  water.  Heat  gently.  Result?  Write  the 
equation  {cf.  Experiment  XXIX). 

h.  Heat  one-fourth  of  a  c.c.  of  lead  monoxide  on  charcoal 
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in  the  reducing  Hame  (mouth  blowpipe).     See  Experiment 
LXIII,  b,     Kesult?     How  identify  the  product? 

c.  Dissolve  2  c.c.  powdered  Udd  nitrate^  Pb(N08)2,  in 
15  c.c.  water,  heating.  Cool,  and  add  to  2  cc.  of  the  solu- 
tion 5  c.c.  dilute  hydrochloric  acid.  Result?  Equation? 
Wash  the  precipitate  by  decantation,  and  heat  it  with  10 
c.c.  water.     Result?     Cool  the  solution.     Residt^ 

d.  To  2  c.c.  of  the  lead  nitrate  solution  add  dilute  sul- 
phuric acid.  Residt?  Use  potassium  chr ornate  solution 
instead  of  sulphuric  acid.     Result  ?     Equation  in  each  case  ? 

From  Experiment  XXXIII,  d^  teU  effect  of  hydrogen 
sulphide  upon  lead  nitrate.  For  the  reduction  of  lead  oxide 
by  charcoal,  see  Experiment  XL,  a, 

e.  To  2  c.c.  lead  nitrate  solution  add  a  drop  of  sodium 
hgdro,rid<i  solution.  Result?  Equation?  Now  add  an 
excess,  shaking.  Result?  What  three  other  hydroxides 
behaved  in  the  same  way  ?     See  Experiment  LXXIII,  e, 

f\  Put  into  the  remainder  of  the  lead  nitrate  solution  a 
strip  of  zinc.  Leave  it  at  least  ten  minutes.  Result? 
Equation  {cf.  Experiment  LXVII,  f)  ? 


EXPERIMENT  LXXV. 
TIN. 

Apparatus.  — Test  tubes,  stopper  and  delivery  tube,  mouth 
blowpipe. 

Materials, — Tin  (granular  and  in  a  bar)  ;  concentrated  hy- 
drochloric and  nitric  acids  ;  solutions  of  mercuric  chloride, 
stannic  chloride,  and  sodium  hydroxide  ;  ammonium  sulphide, 
hydrogen  sulphide,  zinc,  sulphur,  stick  of  charcoal. 
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a.  Treat  about  2  c.c.  of  small  bits  of  tin  with  10  c.c.  con- 
^-i^ntrated  hydrochloric  acid  in  a  test  tube.  Warm  gently  to 
^"tart  the  action,  and  when  the  effervescence  is  vigorous 
^i-ttach  a  stopper  and  delivery  tube  and  collect  the  gas  over 
"v^ater.  Identify  the  gas.  Result?  The  solution  contains 
'Stannous  chloride^  SnClg.  Equation  ?  Let  the  action  con- 
"tinue  at  least  ten  minutes. 

b.  From  Experiment  LXITT,  a,  compare  the  fusibility  of 
"tin  vA\h  that  of  lead,  etc.  Hold  a  bar  of  tin  near  your  ear, 
^^nd  bend  it  Result  ?  What  color  has  bright  tin  ?  Is  it 
laard  or  soft  ? 

c.  To  1  c.c.  mercuric  chloride  solution,  IlgClg,  add  4  or  5 
<*.c.  of  your  stannous  chloride  solution,  and  then  heat.  Note 
all  the  changes.  The  solution  contains  stannic  chloride^ 
SnCl^.    Equation  ? 

d.  To  2  c.c.  stannous  chloride  solution  add  5  c.c.  water 
and  then  hydrogen  sulphide.  Result  ?  Color  ?  Equation  ? 
"Wash  the  precipitate  by  decantation,  and  add  5  c.c.  am- 
momum  sulphide  (use  an  evaporating  dish  or  beaker)  and  a 
small  lump  of  sulphur.  Warm  gently,  and  stir.  Result? 
Cool,  and  add  dilute  hydrochloric  acid  in  excess.  Result  ? 
Compare  the  color  with  that  of  the  original  precipitate. 

e.  To  2  c.c.  stannous  chloride  solution  add  1  c.c.  concen- 
trated nitric  acid,  and  heat  gently.  The  solution  contains 
stannic  chloride.  Dilute  with  5  c.c.  water,  and  pass  in  hydro- 
gen sulphide.  Result?  Color?  Stannic  sulphide  is  SnSg. 
Equation?  Wash  the  precipitate  by  decantation,  add  am- 
monium sulphide  and  a  bit  of  sulphur,  and  warm  gently. 
Result?  Add  an  excess  of  dilute  hydrochloric  acid.  Re- 
sult? Compare  with  the  color  of  the  original  precij)itatei. 
and  with  that  obtained  at  the  end  of  d.     Conclusion? 
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f.  To  2  c.c.  stannic  chloride  solution  add  sodium  hydrox- 
ide solution,  drop  by  drop.  Result?  Add  an  excess.  Re- 
sult? What  other  hydroxides  have  behaved  in  the  same 
way?     See  Experiment  LXXIV,  e. 

g.  Pour  the  solution  of  a  from  any  unused  tin,  and  put 
into  it  a  strip  of  zinc.  Result?  Equation?  Compare  with 
Experiment  LXXIV,/ 

A.  Heat  a  piece  of  tin  on  charcoal  in  the  oxidizing  flame 
(mouth  blowpipe).     See  Experiment  LXIII,  h.     Results? 


EXPERIMENT  LXXVI. 
COMPOSITION  OF  CARBON  COMPOUNDS. 

Apparatus.  — Iron  dish  (sand  bath),  test  tubes,  stopper  and 
delivery  tube,  ignition  tube,  rubber  connector. 

Materials,  —  Sugar,  starch,  oxalic  acid,  benzoic  acid,  pow- 
dered cupric  oxide,  lime-water,  gelatine  (powdered),  soda-lime, 
urea,  litmus. 

a.  In  an  iron  dish  (sand  bath)  heat  one  cubic  centimeter 
of  sugar  as  long  as  a  change  occurs.  Repeat  with  starch  ; 
witli  a  crystal  of  oxalic  acid.  Results?  What  proof  have 
you  that  the  sugar  and  starch  contain  carbon  ?  The  oxalic 
acid  ? 

h.  Heat  half  a  c.c.  of  oxalic  acid  crystals  in  a  test  tube. 
Determine  whether  carbon  dioxide  is  evolved  or  not 
Results  ?  Heat  half  a  c.c.  of  benzoic  acid  in  a  test  tube. 
Result  ?      Is  there  any  evidence  of  carbon  dioxide  ? 

Recall  Experiment  XL,  a.  Repeat  it,  using  one- fourth  of 
a  c.c.  of  benzoic  acid  and  fiwe  times  its  volume  of  powdered 
cupric  oxide  instead  of  the  charcoal  and  lead  oxide.   Results  ? 
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Is  there  any  evidence  that  hydrogen  was  present  in  the 
benzoic  acid  ?  What  precaution  is  necessary  to  he  certain^ 
if  it  is  known  that  the  cupric  oxide  used  is  slightly  hygro- 
scopic ? 

c.  Recall  Experiment  XXV,  a.  Repeat  it,  using  powdered 
gelatine  in  place  of  the  glue,  and  powdered  soda-lime  in- 
stead of  slaked  lime.  Results?  Repeat  it  again  with 
urea  in  place  of  the  gelatine.  Conclusions  ?  If  glue  and 
gelatine  represent  the  class  of  albumins^  what  element  must 
the  members  of  this  class  contain  ? 


EXPERIMENT  LXXVII. 
HYDROCARBONS. 

Apparatus,  —  Mortar  and  pestle,  ignition  tube  15  cm.  long, 
ring  stand,  clamp,  deliver^'  tube,  rubber  connector,  test  tubes, 
100  c.c.  flask,  wire  gauze,  one-hole  stopper,  pneumatic  trough, 
evaporating  dish. 

Materials,  — Dry  soda-lime  and  fused  sodium  acetate,  lime- 
water,  bromine  water,  concentrated  sulphuric  acid,  ''  95  per 
cent"  ethyl  alcohol,  calcium  carbide,  benzene. 

a.  Methane.  —  In  a  mortar  powder  and  mix  2  grams  of 
soda-lime  and  1  gram  of  dry,  fused  sodium  acetate.  With 
the  mixture  half  fill  an  ignition  tube  15  cm.  long,  and  at- 
tach a  delivery  tube  by  means  of  a  rubber  connector.  Sup- 
port the  tube  horizontally,  tap  it  to  insure  a  passage  for  gas, 
and  heat  it  with  a  moving  flame.  Collect  the  evolved  gas  — 
it  is  impure  methane  (cf.  §  218)  —  in  three  test  tubes.  Note 
its  physical  properties  and  combustibility.  After  burning  a 
test  tube  of  the  gas,  pour  lime-water  into  the  tube,  close  it 
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with  the  thumb,  and  shake  it.  Result  ?  Conclusion  ?  To 
one  test  tube  of  methane  add  a  drop  of  bromine  water. 
Close  the  tube,  and  shake  it.  Does  the  color  of  the  bromine 
disappear  ? 

b.  Ethylene.  —  In  a  100  c.c.  flask  cautiously  add  10  c.  c. 
of  concentrated  sulphuric  acid  to  5  c.c.  of  alcohol.  Shake 
the  flask  after  each  addition  of  acid  so  as  to  insure  mixing. 
Support  the  flask  over  wire  gauze  but  not  quite  touching  it, 
and  attach  a  stopper  and  a  delivery  tube  with  a  rubber  con- 
nector. Do  not  leave  the  delivery  tube  in  the  water  when 
you  stop  heating  I  Heat  with  a  small  flame  until  a  regular 
stream  of  gas  comes  off,  and  collect  three  test  tubes  full 
over  water.  Note  its  physical  properties  and  the  character 
of  its  flame.  Test  with  lime-water  and  bromine  water  as  in 
a.     Results  ? 

c.  Acetylene.  —  In  a  test  tube  mix  2  c.c.  —  no  more  —  of 
water  with  5  c.c.  of  alcohol.  Add  two  pieces  of  calcium 
carbide  the  size  of  peas,  and  at  once  attach  a  stopper  and 
delivery  tube.  Collect  the  evolved  gas  (acetylene)  over 
water  in  three  test  tubes.  Note  its  properties  as  directed 
in  a  and  b.     Do  not  iiiliale  it. 

d.  Benzene.  — Put  half  a  cubic  centimeter  —  no  more  — 
of  benzene^  Celle,  in  an  evaporating  dish.  Note  its  odor. 
Carefully  ignite  the  benzene.  Describe  its  flame.  Write 
the  equation  for  the  combustion  of  benzene,  if  the  products 
are  carbon  dioxide  and  water. 
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EXPERIMENT    LXXVIII. 
ETHYL  ALCOHOL. 

Apparatus.  —  Flask  (100  c.c),  stopper  and  delivery  tube, 
test  tubes,  evaporating  dish,  distilling  apparatus. 

Materials, — Molasses  (or  powdered  grape  sugar),  yeast, 
lime-water  (or  baryta  water),  litmus,  sodium  bicarbonate, 
alcohol,  powdered  shellac  or  rosin. 

a.  To  25  c.c.  water  in  a  100  c.c.  flask  add  5  c.c.  molasses 
or  powdered  grape  sugar  and  about  one  cubic  centimeter  of 
compressed  yeast  Attach  tightly  a  stopper  with  a  delivery 
tube,  and  let  the  tube  pass  into  5  c.c  lime-water  or  barj'^ta 
water  in  a  test  tube.  Let  the  flask  stand  in  a  warm  place, 
and  note  results.  If  you  leave  the  delivery  tube  in  the 
lime-water  over  night,  see  that  it  dips  only  slightly  below 
the  upper  surface  of  the  liquid.  Why?  If  the  test  tube 
contains  no  precipitate  the  next  day,  heat  its  contents  to 
boiling.  Explain  the  result.  Test  the  reaction  of  the  solu- 
tion in  the  flask  toward  litmus.     Result  ? 

b.  Ask  the  teacher  to  collect  from  several  students  the 
dilute  alcohol  they  have  prepared,  and  to  distill  it,  if  this 
was  not  done  in  connection  with  §  206.  If  the  first  por- 
tions of  the  distillate  do  not  burn  when  a  flame  is  applied 
they  must  be  redistilled.  The  first  few  drops  may  then  be 
tested  for  alcohol. 

c.  Set  some  of  the  fermented  solution  aside,  without 
stoppering  the  flask,  for  a  week  or  two.  Then  note  the 
taste  of  the  solution,  its  reaction  to  litmus  and  its  effect 
upon  a  little  solid  sodium  bicarbonate  in  a  test  tube. 
Results  ? 
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(I.  Put  two  or  three  drops  of  alcohol  into  an  evaporating 
dish,  warm  the  dish  slightly,  and  apply  a  flame.  Note  the 
color  of  the  alcohol  flame.  Write  the  equation  for  its 
combustion. 

e.  Treat  half  a  cubic  centimeter  of  powdered  shellac  or 
rosin  in  a  test  tube,  with  5  c.c.  alcohol.  Close  the  tube 
with  the  thumb,  and  shake  it.  Result?  Add  5  c.c.  water. 
Result  ?     Let  the  tube  stand  until  the  next  period.    Result  ? 

EXPERIMENT  LXXIX. 

ETHYL  ETHER. 

Apparatus.  — Evaporating  dish,  test  tubes. 
Materials.  —  Ethyl  ether,  paraffin. 

Caution.     Do  not  hrimj  the  bottle  of  ether  near  aflanie! 

a.  Put  two  drops  of  ether  into  an  evaporating  dish,  re- 
move the  ether  bottle,  and  apply  a  flame  to  the  ether  in  the 
evaporating  dish.     Describe  the  flame. 

^.  In  a  test  tube  add  2  c.c.  ether  to  a  piece  of  paraflin 
half  the  size  of  a  pea,  shaking.  Result?  Pour  the  ether 
out  into  the  evaporating  dish,  and  hold  the  dish  in  the  hand 
to  drive  off  the  ether.  Result  ?  Note  the  volatility  and 
odor  of  the  ether. 

EXPERIMENT  LXXX. 
ALDEHYDES. 

Apparatus, — Test  tubes,  stirring  rod,  ring  stand  or  rack, 
tongs. 
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3£aterials.  —  Granular  potassium  dichromate,  concentrated 
sulphuric  acid,  methyl  alcohol,  ethyl  alcohol ;  solutions  of  sil- 
ver nitrate,  caustic  soda,  and  ammonia;  copper  wire  for  spiral. 

a.  In  a  test  tube  add  2  c.c.  of  concentrated  8ul})hiu'ic 
acid  to  6  c.c.  of  water,  cool  tlie  mixture  under  the  tap,  and 
add  2  c.c.  of  alcohol.  Pour  this  mixture  uj)on  2  c.c.  of 
granular  potassium  dichromate  in  a  test  tube.  Hold  the  test 
tube  over  the  sink.  Results?  Note  the  odor  of  the 
escaping  vapors  (f  aceti(hlehi/di\  (llgCIIO.  Hold  in  the 
vapors  a  stirring  rod  wet  with  innntonldcal  silver  nitrate 
Folution.  To  make  this,  add  one  drop  of  a  10  per  cent  solu- 
tion of  caustic  soda  to  1  c.c.  of  silver  nitrate  solution,  and 
then  add  1  c.c.  of  ammonia  water.  The  deposit  on  the  rod 
is  silver.     Explain. 

h.  Put  2  c.c.  of  methyl  alcohol^  CIIgOIT,  in  a  test  tube 
supported  in  a  ring  8tan<l  or  rack.  Make  a  copper  spiral  by 
winding  about  a  glass  rod  or  a  pencil  a  foot  of  copper  wire. 
Remove  the  pencil  or  rod,  and  hold  the  spiral  in  the  flame 
(use  tongs)  until  it  is  red  hot.  Then  drop  it  into  the 
methyl  alcohol.  Note  the  sharp  va})or  of  formaldehyde^ 
CII2O,  mixed  with  the  vapor  of  the  alcohol. 

CII3OH  +  O »  (JIT,()  +  H2O. 


EXPEKTMEXT  LXXXI. 
ACETIC  ACID  AND  ACETATES. 

Apparatus,  — Beaker  (50  c.c),  test  tubes,  evaporating  dish, 
stirring  rod,  wire  gauze,  ring  stand. 

Materials.  —  Connnercial   (concentrated  and   dilute)    ac^etic 
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acid,  concentrated  sulphuric  acid,  vinegar,  sodium  carbonate, 
litmus  and  filter  papers,  alcohol. 

a.  Note  the  taste  of  a  drop  of  dilute  acetic  acid.  Heat 
some  to  boiling  in  a  test  tube.  Odor  *?  Its  action  to  litmus  ? 
Cf.  Experiment  XVIII,  a  and  h.  Test  vinegar  in  the  same 
ways.     Results  ? 

h.  In  a  test  tube  mix  1  c.c.  of  concentrated  acetic 
acid  with  2  c.c.  of  alcohol,  and  add  half  a  c.c.  of  concen- 
trated sulphuric  acid.  Heat  carefully,  and  describe  the 
odor.  It  is  that  of  ethyl  acetate^  CH3COOC2H5.  The  sul- 
phuric acid  removes  water.  Equation?  If  you  were 
given  a  liquid  suspected  of  being  acetic  acid,  how  would 
you  prove  it  to  be  this  substance  ? 

c.  In  a  50  c.c.  beaker  dissolve  10  grams  of  sodium  car- 
bonate in  10  c.c.  of  water  and  add  to  it  commercial  acetic 
acid  (5  c.c,  or  less,  at  a  time)  until  the  reaction  is  distinctly 
acid  on  stirring,  and  effervescence  ceases.  Then  transfer 
the  solution  to  an  evaporating  dish,  and  concentrate  it  over 
the  wire  gauze  until  a  drop  held  on  a  stirring  rod  crystal- 
lizes when  cool  {cf.  Experiment  XXIX,  g.)  Set  the  dish 
aside  until  the  next  period.  Name  the  crystals.  Then- 
shape  ?    Filter  them  off,  and  dry  them  between  filter  papers. 

d.  Carefully  heat  some  of  the  crystals  of  c  in  a  test  tube. 
Do  they  contain  crystal  water  {cf.  Experiment  X)  ?  Treat 
1  c.c.  of  them  in  a  test  tube,  with  1  c.c.  of  concentrated 
sulphuric  acid,  and  warm  gently.  Result?  Odor?  Re- 
member to  pour  the  concentrated  acid  into  water  when 
cleaning  the  test  tube ! 

To  1  c.c.  of  the  crystals  add  1  c.c.  alcohol  and  lialf  a 
c.c.  of  concentrated  sulphuric  acid.  .  Wai*m  gently,  and  note 
the  odor  of  the  vapors.     Result  ?     Conclusion  ? 
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EXPERIMENT   LXXXII. 

OTHER  ORGANIC  ACIDS. 

Materials. — Citric  acid,  lonion  juice,  oxalic  acid,  benzoic 
acid,  alcohol,  sodium  bicarbonate,  potassium  permanganate 
solution,  dilute  and  concentrated  sulphuric  acid,  litmus. 

a.  For  the  properties  of  tartaric  acid  see  Experiment* 
XVIII,  c;  XXXIX,  a;  LV,  c;  and  LVII,  h  and  c. 

h.  Make  an  aqueous  solution  (by  heating)  of  1  gram, 
or  less,  of  crystallized  citric  acid^  W^V^W^O-i  -\-  HjO,  and 
note  its  taste,  odor,  and  reaction  toward  litmus  and  toward 
sodium  bicarbonate.  Repeat,  using  lemon  juice  instead  of 
citric  acid  solution.     Results  ? 

c.  See  Experiment  LXXVI  for  the  behavior  of  oxalic 
add  J  H2C2O4,  when  heated.  Prove  the  presence  of  crystal 
water  in  oxalic  acid.  To  1  c.c.  of  potassium  })erman- 
ganate  solution  add  half  a  c.c.  of  dilute  sulphuric  acid 
and  then  oxalic  acid  solution,  dro})  by  drop.  Result? 
Conclusion  ? 

d.  Heat  1  c.c.  of  benzoic  acid^  C6II5COOII,  with  5  c.c. 
of  water.  Result?  Boil  for  a  moment.  Odor  of  vapors? 
Now  cool  the  solution  under  the  faucet.  Result  ?  Redis- 
solve  the  benzoic  acid  by  applying  heat.  Cautiously 
taste  a  drop  of  the  solution,  and  note  its  action  toward 
litmus  and  sodium  bicarbonate.     Results  ? 

In  a  test  tube  heat  carefully  1  c.c.  of  benzoic  acid  with 
1  c.c.  of  alcohol  until  you  get  a  solution ;  then  add  half  a 
c.c.  of  concentrated  sulphuric  acid  and  heat  again.  Note 
the  odor  of  the  vapors  of   ethyl  benzoate,  CellsCOOCallg. 
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Poiir  the  soladon  into  10  c.c.  water,  and  note  the  8e{^»aration 
of  the  <m1v  e8«ter. 


EXPEKI3IEXT    T.XXXTTT 
SOAP. 

App^mtH^.  —  "Tin"  can.  stirring  rod,  test  tnbes.  ring 
stand. 

M'it^frifil*.  —  -Sxlinm  hvdr»>xide.  lard,  fine  salt.  --Castiie  "  or 
*•  Ivory  "  soap.  licnios.  dilate  solphnric  acid,  ealciam  solpbate 
solution. 

♦I.  In  a  clean  -tin''  can  dkeolTe  S  grams  of  s«>linm 
hy«ln>xide  in  ^}  c.e.  cold  water.  If  poe^ihle  have  the  cover 
only  partially  cat  oat.  so  that  it  may  be  pushed  down  as 
a  lid  daring  the  boiling.  To  the  alkaliiie  solotion  add 
H^  grams  of  htni,  and  heat  the  mixture  to  boifing.  having 
the  o|^ning  of  the  can  almotst  cl«>se*l  by  the  B«L  &  curt- 
jnl  .'4t4  to  Ut  iAff  alhili  *ftfter  i«/o  yo«*r  «fyM  f 

After  30  minates  sf»*p  the  boilintj^  an»l  see  if  the  mixture 
begins  to  become  solid.  tCare!)  If  not.  coatinae  heating 
until  it  does. 

Now  add  to  the  mixture,  while  it  is  still  warm«  16  grams 
of  tine  salt  in  lots  of  about  -  grams  eaeh.  Stir  cartfiJiy 
after  each  ad»lition.     Finallv^  K>fl  the  mixture  for  t«i  min- 

m 

utes^  and  let  it  cool.  The  soap  wiU  a{)^Mear  a$  a  so&l  cake 
on  the  surface  of  the  solid»>a.  Remove  ic  riitse  it  with  a 
liule  water,  and  let  it  dry. 

b.  \y<i6^\^  aKvin  1  0.0.  ot  -Ivory"  or  -Castile''  soap  in 
10  c.c.  of  water,  and  te$t  the  reaictioa  %^  the  soiutioa  with 
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litmus.  Result?  Treat  half  of  the  8ohition  with  dilute 
sulphuric  acid.  Result?  The  solid  product  is  a  mixture 
of  the  organic  acids  of  the  soap. 

Treat  the  other  half  of  the  soap  solution  with  a  solution 
of  calcium  sulphate.  Result?  Ileat  to  boiling.  The 
product  is  the  calcium  salt  of  the  acids  ("  lime  soap  ").  ( Of, 
§§  43,  366,  apd  387.) 


EXPERIMENT   LXXXIV. 
CARBOHYDRATES. 

Apparatus.  —  Beaker,  test  tubes,  ring  stand,  wire  gauze. 

Materials.  —  Fehling's  solution  (see  a),  grape  sugar,  cane 
sugar,  molasses,  concentrated  hydrochloric  acid,  sodium  car- 
bonate, starch  or  starch  paste. 

a.  See  Experiment  LXVII  for  the  action  of  grape  ^ugar 
with  alkaline  cupric  salts.  A  better  solution  for  testing  the 
sugars  is  the  one  called  <<  Fehling's  Solution."  Cupric  sul- 
phate crystals  (34.64  grams)  and  1  c.c.  dilute  sulphuric  acid 
are  dissolved  in  water,  and  the  solution  is  diluted  to  exactly 
500  c.c.  This  is  solution  I.  Solution  II  consists  of  175 
grams  of  sodium  potassium  tartrate,  50  grams  of  sodium 
hydroxide,  and  enough  water  to  make  the  volume  exactly 
500  C.C.  These  solutions  are  kept  in  separate,  rubber- 
stoppered  bottles.  Equal  volumes  of  the  two  are  mixed 
just  before  they  are  used.  One  cubic  centimeter  of  Fehl- 
ing's solution  is  completely  reduced  by  exactly  0.005  gram 
of  grape  sugar. 
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To  10  C.C.  Fehling's  solution  in  a  beaker  add  a  drop  of  a 
solution  of  grape  sugar,  and  heat  to  boiling  over  the  wire 
gauze.  Result  ?  Let  the  precipitate  settle,  and  add  another 
drop  of  grape  sugar  solution ;  repeat  the  process  until  the 
Fehling's  solution  has  just  lost  its  blue  color.  Calculate 
how  much  grape  sugar  you  added. 

d.  In  a  test  tube  add  some  cane  sugar  solution  to  5  c.c. 
Fehling's  solution,  and  heat  to  boiling.  Is  there  reduction  ? 
Try  a  solution  of  molasses  instead  of  cane  sugar.     Result  ? 

c.  To  20  c.c.  cane  sugar  solution  in  a  beaker  add  2  c.c.  of 
concentrated  hydrochloric  acid,  and  heat  gently  to  boiling 
for  15  minutes  over  the  wire  gauze.  Cool,  and  neutralize 
the  acid  with  solid  sodium  carbonate ;  then  test  with  Fehl- 
ing's solution.     Result? 

d.  Repeat  h  and  c,  using  20  c.c.  starch  solution  (make  it 
as  in  Experiment  XLI V,  d)  instead  of  cane  sugar.     Results  ? 


EXPERIMENT   LXXXV. 
SOBfE   PRINCIPLES  OF  QUALITATIVE  ANALYSIS. 

Apparatus,  —  Funnel,  funnel  support,  beaker,  test  tubes. 

Materials.  —  Solutions  of  nitrates  of  iron  (ferric),  silver, 
copper,  barium,  and  sodium  ;  hydrochloric  acid,  hydrogen  sul- 
phide, dilute  sulphuric  acid,  ammonia  water,  filter  papers,  and 
two  or  more  "  unknown  "  substances. 

a.  Qualitative  Analysis  is  a  system  of  experiments  for 
the  separation  and  identification  of  the  elements  present  in 
mixtures  of  substances.  In  a  limited  sense  the  term  is 
applied  to  the  detection  of  the  ordinary  metals  and  acids. 
The  separation  of  metals   present  as  ions  in  a  solution  is 
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possible  if  we  can  convert  some  of  the  metals  into  insolu- 
ble compounds  while  leaving  the  others  in  solution.  The 
following  experiments  show  how  a  sc^ienie  of  analysis  may 
be  devised  for  the  separation  of  the  five  metals:  silcer^ 
copper^  iron,  barium^  and  sodium.  We  use  solutions  of 
the  nitrates^  since  these  are  all  soluble.  Make  ferric 
nitrate^  if  this  is  not  found  in  the  laboratory,  by  covering 
about  1  gram  of  iron  wire  or  filings  with  10  cc.  of  water 
in  a  beaker  and  adding  10  cc.  dilute  nitric  acid  in  small 
portions.  When  action  ceases,  filter  the  solution  and  dilute 
it  to  60  cc. 

h.  To  5  cc.  of  each  of  the  nitrates  named  in  a  add 
dilute  hydrochloric  acid —  one  cubic  centimeter  at  a  time  — 
until  there  is  an  excess.  To  know  if  you  have  an  excess  of 
the  precipitant  let  the  precipitate  settle,  and  add  a  drop 
more  of  the  precipitant  to  the  clear  solution ;  or  filter  a 
little  of  the  precipitated  solution  and  test  the  filtrate  in  the 
same  way.  (  Cf,  §  355,  last  two  paragraphs.)  Be  sure  that 
your  test  tubes  are  clean  for  every  test. 

Copy  the  following  table  in  your  note  book,  and  })ut 
down  the  results  in  their  places. 


Effect  of 

AgNOa 

Cu(N03)a 

Fe(X03), 

Ba(NO,)a 

NaXOs 

HCl 

1 
1 

H,S 

HaS04 

NH4OH 
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<i  Treat  -5  <--e.  of  each  oi  the  scilutianfi  named  in  a  wiQi 
}iTdrc»ireii  «ml}>iDde  in  -exciesg.  Make  fnzre  yao  liax-e  an 
ex(ies&  B,^  «ag£r(;£;t&d  in  ?/.  T&linbcte  tout  i^BBuhs.  Se  fnire 
the  tnW  defirering  the  ga*^  is^  clean  liefore  erenr  test  For 
-die  ac^on  iA  liTdrogen  «iLt|iliide  vidi  feme  sahs.  r/I  Ei^^ri- 
nieiit  T.XX,  <f.  For  the  (^mTersk^n  c»f  ferrmt*  ions  im<» 
liie^7^^r»V  toste.  *»Be  Exjiemnent  LYX,  <Z. 

<i  Treat  h  cc  of  eat-li  c»f  "die  fve  ttoliilaom:  »iLh  an 
exoeas^  of  dilute  «nil}>liiinf  atad.  and  tabula:^  the  reioilt^ 

€.  Re^teat  <1  iwrng  anLmominn  hydroxide  ftoSutaon  in  jilaoe 
of  fnil}*hTiTic  acid. 

f.  Frc»m  the  reBohifi  talmlatied  in  J*  t<»  ^  derise  a  j^ilan  for 
identzfring  any  <»ne  of  the  fve  nitrates,  and  of  «e^«ara|]ng 
Ti>enL  if  they  are  aH  jaitjHent  in  a  mirtane- 

g.  From  jtreviiin*;  ex|ienmentfi  teD  h<»v  yoo  ^Oiuld  deter- 
mine  vhether  a  irhite;.  <»ti]iil«le  *»oIid  iriren  Ton  vas  f^odimm 
ft/*7'*''.T/<^  tnfr^jfi^.^  tff^Iphat^,^  (-arf^cn^^'f^  ^iJf.Mtc,  <90dtat^  c«r 

L  If  yc»ii  vished  t<»  make  a  nairmre  of  oofif«er  and 
liariuni  sabts.  vcnild  yon  nfie  (x:»]»}«er  4t^*kaf^f  Why? 
WLt  noi  n*»e  liarinm  chJc*rf<f<  or  fenie  cM(*Hde  ^olntioii 
if  Ton  vish  "t<»  sret  a  **e»}ul»le  mirture  of  the  ions  of  ihese 
noetais  and  tho5»e  of  alTer  t 

i^  l^ei  fr\:»in  the  teat-her  rwo  or  mare  nnknoim  sabstances. 
and  deTermine  -vhai  n^etal  v«r  metsls  of  ihe  £Te  named  are 
^ire^^m  ;  aLitc*  wlua  acid. 
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EXPERIMENT   LXXXVI. 
QUANTITATIVE  COMPOSITION  OF  BLAGNESIUM  OXIDE. 

Apparatus,  —  Evaporating  dish,  50  c.c.  hoaker,  watch  glass, 
evaporating  apparatus  {cf.  h)^  tongs. 

Materials.  —  Magnesium  wire  or  ribbon,  oonrentratod  nitric 
acid. 

a.  In  a  weighed  porcelain  evaporating  dish  weigh  out 
a<;curately  about  0.5  gram  of  magnesium  wire  or  ribbon. 
Transfer  it  to  a  50  c.c.  beaker  provided  with  a  watcli  glass, 
and  add  to  it,  in  several  portions,  0  c.c.  of  concentrated 
nitric  acid  diluted  with  12  c.c.  of  water.  When  the  mag- 
nesium has  dissolved,  transfer  the  solution,  without  loss,  to 
the  evaporating  dish,  rinsing  the  watch  glass  and  beaker 
with  10  c.c.  of  w^ater  as  directed  in  Experiment  XV,  />. 

b.  Evaporate  the  solution  of  magnesium  nitrate  (on  a 
water  bath  or  steam  bath  if  possible ;  otherwise  on  a  wire 
gauze)  until  the  residue  is  syrupy.  Be  careful  to  avoid  loss. 
Further  evaporation  ove?'  a  flame  generally  causes  s])atter- 
ing;  but  the  heating  may  be  continued  safely  if  the  flame 
is  applied  from  above.     Do  this  as  follows : 

Hold  the  evaporating  dish  by  means  of  iron  or  brass 
tongs  grasped  in  the  left  hand,  and  carefully  move  the  dish 
about,  so  that  the  syrupy  liquid  is  s})read  in  a  thin  layer 
over  the  sides  of  the  dish,  but  not  nearer  to  the  edge  than 
one  centimeter.  At  the  same  time  hold  the  Bunsen  burner 
in  the  right  hand,  move  the  flame  gently  round  and  round, 
and  direct  it  upon  the  contents  of  the  dish.  By  careful 
manipulation  the  magnesium  oxide  may  be  obtained  as  an 
opaque   powder.     When  the  decomposition  of  the  nitrate 
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seems  complete,  apply  the  flame  from  below  again.  Heat 
the  dish  to  faint  redness  for  five  minutes,  cool  it,  and  get  its 
weight.     Record  your  weights  as  in  Experiment  XV,  d. 

c.  Solve  the  following  proportion  for  x :  weight  of  mag- 
nesium used :  weight  of  oxygen  united  with  the  magnesium  : : 
equivalent  of  magnesium  (found  in  Experiment  VI,  /') : 
a^  Result  ?  What  relation  exists  between  the  oxygen  that 
united  Ti-ith  a  given  weight  of  magnesium  and  the  hydrogen 
replaced  by  the  same  weight  of  magnesium  ? 
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TABLE  OF  EQUIVALENTS  IN  ENCiLISII  AND  METRIC 

UNITS. 


A.     Lenotii. 

1  centimeter  =  0.39:J7  ill. 

1  decimeter  =10  cm. 

1  meter  =  100  cm.  =  1,000  mm. 

1  meter  =  89.37  in.  =  3.28  ft. 

1  kilometer   =1,000  m.  =  0.0214  mile. 


1  inch  =2.54  cm. 

1  foot  =  0.3048  m. 

1  mile  =1.0094  km. 

B.     Akea. 

1  sq.  cm.       =:  0.155  sq.  in. 

1  sq.  m.         =  10.704  sq.  ft.  =1.190  sq.  yd. 

1   sq.  km.        =0.385  sq.  mile. 

C.  Volume. 

1  cu.  cm.       =:  0.061  cu.  in. 

1  cu.  m.         =35.315  cu.  ft. 

1  liter  =  1 ,000  cu.  cm.  =  1. 05()7  qt.  (U.  S.) 

D.  Weight. 

1  gram  =  15.4324  grains. 

1  kilogram     =  1,000  grams  =  2.204G  lbs. 

1  grain  =  0.0G48  gram. 

1  ounce  (avoirdupois)  =  28.35  grams. 

1  ounce  (tro}')  =31.1  grams. 
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TABLE  OF  ATOMIC  MASSES  AND  SPECIFIC  HEATS. 


Atomic  Masses 

/ • 

Clarke. 

H  =  1.  O  =  16. 

Aluminum Al    ...  26.9              27.1 

Antimony Sb    ...  119.5  120.4 

Argon .  .' A  .  .  .  .  39.6              39.96 

Arsenic As  ...  74.45             75.0 

Barium Ba   ...  136.4  137.40 

Bismuth Bi    ...  206.5  208.1 

Boron B  .  .  .  .  10.9              11.0 

Bromine Br   ...  79.35            79.95 

Cadmium Cd  ...  111.55  112.4 

Cesium     Cs    ...  131.9  132.9 

Calcium Ca    ...  39.8              40.1 

Carbon C  .  .  .  .  11.9'             12.0 

Cerium Ce    ...  138.0  139.0 

Chlorine Cl    ...  35.18             35.45 

Chromium Cr    ...  51.7              52.1 

Cobalt Co    ...  58.55             59.00 

Columbium    .  .  .  .  Cb   ...  93.0              93.7 

Copper Cu   ...  63.1               63.60 

Erbium Er   ...  164.7  166.0 

Fluorine Fl    ...  18.9               19.05 

Gadolinium Gd  .  .  .  155.2  1.j6.4 

Gallium Ga  .  .  .  69.5               70.0 

Germanium    .  .  .  .  Ge   .  .  .  71.9              72.5 

Glucinum Gl    .  .  .  9.0                9.1 

Gold Au  .  .  .  195.7  197.2 

Helium He  .  .  .  3.93              3.96 

Hydrogen II ...  .  l.OOrt             1.0G8 

Indium In    ...  113.1  114.0 

loiline I    ....  125.:?9  126.85 

Indium Ir.  .  .  .  191.7  193.1 

Iron Fe    ...  55.5              55.9 

Krypton Kr   .  .  .  Sl.l.>            81.76 

Lanthanum    ....  La    ...  137.6  138.6 

Lead Tb   ...  2l».36  206.92 

Lithium Li    ...  6.97               7.03 

Magnesium Mg  .  .  .  24.1              24.3 

Mangane^' Mn  .  .  .  54.6              55.0 

Men^un- Hsr  .  .  .  1*>.50  200.0 


Richards. 
0  =  16. 

27.1 
120.0 

39.92 

75.0 
137.43 
208.0 

11.0 

79.955 
112.3 
132.9 

40.1 

12.001 
140. 

35.455 

52.14 

59.00 

W. 

63.60 
166. 

19.05 
156.  ? 

70.0 

72.5 
9.1 
197.3 
3.96 
1.0075 
114. 
126.85 
193.0 

55.9 

81.7 
138.5 
206Jfo 

7.»*3 

24.36 

55.0S 
200.0 


Specific 
Heats. 


0.214 
O.aiOS 

0.0814 

0.0306 
0.366 
0.0843^ 
0.0567 

0.170 

0.4oJ>tt 
0.0148 

0.100 
0.107 

0.0952 


0.079 

0.058 
0.0324 


0.0570 
0.0541 
0.0326 
0.114 

0.0149 

0.0314 

0.941 

0.250 

0.122 

0.031»f 


•  rable  of  Aloottlc  Mas!»*,  prepared  br  Prof.  F.  W.  Clarke; 
American  Chomical  S<y'iety.'*  VoL  XXIV,  No.  S;  llaxvh,  ISIK. 
t  Solid.    \:  IXamona. 
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TABLE  OF  ATOMIC  MASSES  AND  SPECIFIC  HEATS.-  Continntd. 


Molybdenum 

Neodymium 

Neon    .  .  . 

Nickel .  .  . 

Nitrogen   . 

Osmium.  . 

Oxygen  .  . 

Palladium 

Phosphorus 

Platinum  . 

Potassium 

Praseodymium 

Rhodium  . 

Rubidium . 

Ruthenium 

Samarium 

Scandium 

Selenium 

Silicon    . 

Silver  .  . 

Sodium  . 

Strontium 

Sulphur . 

Tantalum 

Tellurium 

Terbium 

Thallium 

Thorium 

Thulium 

Tin    .  .  . 

Titanium 

Tungsten 

Uraniun) 

Vanadium 

Xenon    . 

Ytterbium 

Yttrium 

Zinc  .  .  . 

Zirconium 


♦Yellow. 


Mo 

Nd 

Ne 

Ni 

N. 

Os 

O  . 

Pd 

P  . 

Pt 

K. 

Pr 

Rh 

Rb 

Ru 

Sm 

Sc 

Se 

Si. 


Ag 

Na 

Sr 

S  . 

Ta 

Te 

Tr 

Tl 

Th 

Tm 

Sn 

Ti. 

W. 

Ur 

V  . 
Xe 
Yb 

Y  . 
Zn 
Zr 


Atom 

[ic  Mass 

* 

KS. 

Spkcific 

11  RATS. 

Clarke. 

Richards. 

H  =  l. 

0  =  16. 

0  =  16. 

95.3 

96.0 

96.0 

0.0722 

142.5 

143.6 

143.6 

19.8 

19.94 

19.94 

58.25 

58.70 

58.70 

0.108 

13.93 

14.04 

14.04 

' 

189.6 

191.0 

190.8 

0.0311 

15.88 

16.000 

16.00 

106.2 

107.0 

106.5 

0.0593 

30.75 

31.0 

31.0 

0.189* 

193.4 

194.9 

195.2 

0.0324 

38.82 

39.11 

89.14 

0.160 

139.4 

140.5 

140.6 

102.2 

103.0 

103.0 

0.0580 

84.75 

85.4 

85.44 

100.9 

101.7 

101.7 

0.0611 

149.2  ? 

150.3? 

150.0 

43.8 

44.1 

44. 

78.6 

79.2 

79.2 

0.07621 

28.2 

28.4 

28.4 

0.203t 

107.11 

107.92 

107.93 

0.0570 

22.88 

23.05 

23.05 

0.293 

8(».95 

87.60 

87.68 

31.83 

32.07 

32.065 

o.njs-H 

181.5 

182.8 

183. 

126.5 

127.7 

127.5  ? 

0.0474 

158.8 

160. 

160. 

202.61 

204.15 

204.15 

0.0335 

230.8? 

232.6  ? 

233. 

0.0276 

169.4 

170.7 

171.  ? 

118.1 

119.0 

119.0 

0.0562 

47.8 

48.15 

48.17 

0.1485 

182.6 

184. 

184. 

0.0334 

237.8 

239.6 

238.5 

0.0277 

51.0 

51.4 

51.4 

127. 

128.0 

128. 

171.9 

173.2 

173. 

88.3 

89.0 

89.0 

64.9 

65.4 

65.40 

0.0955 

89.7 

90.4 

90.6 

0.0662 

t  Crystalline. 

ft  Rhombic. 

IT 
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Table  IV. — List  of  the  Metals  in  tele  Order  of 
Decreasing  Solution  Tension. 


The  Alkali  Metals. 

The  Alkaline-Earth  Metals. 

Magnesium. 

Aluminum. 

Manganese. 

Zinc. 

Cadmium, 

Iron. 

Cobalt. 

Nickel. 

Tin. 

Lead. 


Hydrogen. 

Bismuth. 

Antimony. 

Copper. 

Arsenic. 

Mercury. 

Silver. 

Palladiuin. 

Platinum. 

Gold. 


The  metals  appearing  first  in  the  table  can  replace  those  that 
follow,  in  the  solutions  of  their  salts. 


INDEX:* 


(Numbers  denote  pages,  or,  if  preceded  by  **  Ex.,"  Laboratory  Exercises  in 

Part  II.] 


Acetic  add d5 

Acetylene 207 

Acid  and  normal  salto,  Ex.  22,  Ex.  23 

properties 93 

radical 98 

salts 100 

salts,  conyerted  into   normal 

salts 100 

acetic 95 

carbolic 210 

carbonic 197 

chloric 266 

chlorous 266 

chlorplatinic 405 

flaosilicic 317 

hydriodic,   261,  262,  Ex.  44,  Ex.  45 

hydrobromic 259,  Ex.  45 

hydrochloric  .  88, 89, 90, 91,  Ex.  17 

hydrocyanic 204 

hydrofluoric 255 

hydrosnlphuric    .  169, 170,  Ex.  33 

hypochlorous 265 

hyponitrons 163 

hypophosphorous 285 

iodic 268 

nitric  ...    95, 149,  Ex.  18,  Ex.  26 

nitric,  fuming 154 

nitrous 158 

perchloric 267 

periodic 268 

phosphoric  .  .  286,  287,  288,  Ex.  47 


Add,  phosphorous 286 

silicic 318 

stannic 404 

sulphuric,  95, 174 #.,  Ex.  18,  Ex.35 

sulphurous 183 

thiosulphuric 184 

Acidity  and  basidty 102 

Adds,  action  of,  on  bases  ....     93 

action  of,  on  metals 93 

action  with  oxides 99 

most  important  property  of   .     96 

nomenclature  of 103 

polysilicic 319 

properties  of Ex.  18 

see  under  specific  names. 

strong:  and  weak 330 

Ag:ent,    drying,    for    hydrogen 

(calcium  chloride) 12 

drying,  for  hydrochloric  acid 

(sulphuric  acid) 89 

drying,  for  ammonia  (lime)  .   137 

Air,  a  physical  mixture 119 

determination   of  proportion 

of  oxygen 117 

liquefaction  of 115 

Alabaster 352 

Alkalies,  defined 97 

Alkali  metals 337 

distinction  between    .  .  .   Ex.  57 
properties  change  in  order  of 
atomic  masses 838 


*  This  Complete  Index  is  bound  in  the  book  with  and  without  the  Laboratory 
JEzerdses. 

iz 


INDEX, 


Alkaline -earth  metalB 350 

Allotropigm 167,  251,  272 

Alloy 300, 302,  340,  368 

Alum,  crystallizaiioD,  Ex.  10,  Ex.  13 

Aluminateg      380 

Aluminam  and  its  compounds, 

Ex.  69 

bronze 3C8 

carbonate  and  sulphide    .  .  .   382 
hydroxide  ....   Ex.69,d,  gr 

occurrence  and    preparation 

of 378 

oxide  and  hydroxide 381 

properties  of 379 

salts 382 

uses  of  .  .  .  c  ) 380 

Aluma 382,  Ex.  69,c,/ 

Amalg^am,  ammonium   .    348,  Ex.  57 
Amalg^amation  process  for  silver  370 

Amalgramg 339,365 

Ammonia,    action    of    chlorine 

on 85,  146 

a  refrigerating  agent 140 

chemical  properties  of  .   ...   142 
commercial  sources  of  ...  .   138 

composition  of 145 

existence  of 136 

from  illuminating  gas  manu- 
facture   209 

laboratory  methods  of  prepa- 
ration     136,  137 

liquefaction  of 140 

physical  properties  of  ....    139 
preparation    and    properties 

of     Ex.  25 

process  of  making  soda  ...  341 

synthesis  of 145 

Ammoninm 348 

amalgam Ex.57 

compounds 142 

compounds,  dissociation  of  .   144 

hydroxide 97 

Amorphong  carbon 187 

artificial 188 

Analog^iieg  of  an  element  .  .  .   309 
Analysis,  volumetric,  use  of  per- 
manganate in  394 


Anhydride  of  acid  defined  ...     fl6 

Aniline 157 

Animal    charcoal    and    bone- 
black     191 

Annealing:  and  tempering  steel .   386 

glass 321,  Ex.  2 

Antidote  for  arsenic 294 

Antimony  .• Ex.  49 

black      300 

chemical  properties 298 

compounds •  .  299 

physical  properties 297 

preparation 297 

tdsulphide 300 

uses  of 300 

Aqaa  regia 82 

a  source  of  nascent  chlorine  .   154 

Argon Ill 

family 314 

Arsenates 296 

Arsenic g  •  .  .    Ex.  48 

acid 295 

chloride 291 

greens 295 

Marsh's  test  for 292 

occurrence   and   preparation 

of 290 

properties  of 290 

trioxide 293 

trisulphide 296 

Arseniong  acid 294 

double  nature  of 294 

Argenite  of  godium 294 

Arsine 293 

Asbestog 358 

Ash 188 

of  land  plants 201 

of  sea  plants 201 

Atomic  hypothegig 224 

masses,  determination  of,  233, 23t 
masses,  exact,  obtained    by 
comparing  with  oxygen  .  .  235 

masses,  relative 232 

mass  methods,  application  of, 

237-240 
Atomic,  or  nascent,  state  .  .  242, 243 
Atoms 224 
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Atomg  and   molecnles,  distinc- 
tion between *.  226 

number  of,  in  molecules  of 

elements 243 

Atmosphere,  carbon  dioxide  in,  112 

character  of  the lou 

water  vapor  in 113 

weight  and  pressure  of    .  .  .  lU 

Atmospheric  dust 113 

AvogAdro's  hypothesis    ....   128 

IBafcing^  powders 195 

Balanced,  or  equilibrium,  equa- 
tion      263,265 

Barium  and  strontium   ....   356 
Barium  chloride,  water  of  crys- 
tallization in Ex.  61 

hydroxide 97 

peroxide 356 

peroxide,  a  source  of  oxygen,    27 
Barometric  readings,  correct    .   126 

Baryta  water 07, 198 

Bases,  nomenclature  of 105 

properties  of Ex.  19 

Basic  salts 101 

Basicity  and  acidity 102 

B!ead,  borax Kx.  51 

Bell-metal 368 

Benzene      210 

Beryllium,  or  glucinum    ....  358 
Bessemer  converter.  Fig.  63    .  .  387 

process  for  steel 387 

Blcarbonates 198 

Bismuth 300,  Ex.  50 

properties  of 301 

salts 301 

uses  of 302 

Blast-fdmace,  Fig.  62 384 

Bleaching:  powder 355 

with  chlorine     ...   86,  87,  Ex.  16 
with  sulphur  dioxide    ....  182 
Blowpipe,  oxidation  of  tin,  Ex.  75,  h 
oxidizing  and  reducing  flames, 

Ex.  63,  h 

oxyhydrogen Fig.  6,    14 

reduction  of  lead  oxide  .  Ex.  74,  h 
Bl?«e  prints •  •  •  •  874 


Blue  vitriol,  crystallization  of,  Bx.  18 
water  of  crystallization  in,  Ex.  10 

Boiling:-point  of  water 48 

Bone-black  and  animal  charcoal,  191 

Borax 823 

and  boric  acid Bx.51 

Borax  bead Ex.  51 

Boric  acid 822 

Boron,  occurrence  and  prepara- 
tion      321 

properties  of 322 

Boyle's,  or  Mariotte's,  law    .  .   121 

Brass 368 

Bromates 268 

Bromine Ex.  43 

oxyhydrogen  compounds   .  .  267 

preparation  of 257 

properties  of 258 

Bronze 868 

Bunsen  burner 217,  Ex.  1 

flame 217,  Ex.  41 

Burner,  Bunsen Ex.  1 

Burning:.    See  Combustion. 

Cadmium 363 

compounds Ex.  65 

Calcium 350 

carbide 207 

carbonate 862 

chloride 352 

chloride,  deliquescence  of,  Ex.  12 

compounds Ex.  68 

hydroxide 97,209,351 

oxide 350 

phosphate 853 

silicate 356 

sulphate 852 

sulphide 856 

Calculation  of  quantiiics  of  fac- 
tors and  products 20 

Calomel 364 

Candle  flame.  Figs.  51  and  52, 

215,  216 

/'Carats  fine'* 377 

Carbon 186,  Ex.  8? 

amorphous 187 

amorphous,  artiflcial    ....  188 
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Cltromloin 395 

Gompounds Ex.  73 

doable  nature  of 3U7 

oxides  and  hydroxides  ....  3i)G 
Chromoaa  and  chromic  salt  ft,  .'i96 

Clay 378,  3i« 

Coal,  natural  carbonization  .  .  .   188 

*«  Coal  sas  " 203 

Coals  and  wood,  composition  of,  ISO 

Colmlt 3U1 

Cobalt  and  nickel Ex.  71 

chloride  and  water  .  .  .    Ex.  71,/ 

Coingrold 376 

Coin  silver 372 

Coke 210 

Coke  and  g^as  carbon lUO 

Collodion 157 

Combining^  proportions  ....     73 

use  of 74 

Combustion,   fixed    amount   of 

heat  of 31 

in  air 15 

in  air;  drafts 33 

in  chlorine 81 

in  oxygen Kx.  7 

ordinary 31 

reversed 36 

slow 31 

spontaneous 32 

supporting 15 

temperature  depends  on  rate 

of .  .  . 31 

Commercial  iron 386 

Comparison    of  the    halogen 

acids Ex.  45 

Compound,  defined  . 5 

of  two  elements,  how  named,    74 
Compounds,  molecules  of    .  .  .    227 
of    same  two  elements,  how 

distinguished 75,  77 

Conductivity,  electric,  of  solu- 
tions     326 

Constant  proportions    .  .  .   Ex.  15 

law  of 67 

Converter,  Bessemer,  Fig.  6S  .  .  387 

Copper 366 

alloys 368 


Copper  and  its  compounds  .    Ex.  67 

compounds 868 

etc.,  relation  to  alkali  metiils  .  366 

native 36(> 

ores 867 

properties  and  uses 867 

sulphate  use  in  making  hydro- 

gen 11 

Copper-plating      .........   869 

Coral 201 

Correction  of  the  barometric 

reading^ 126 

Corrosive  sublimate 365 

Critical  temperature  defined    .    116 
Crucible  process  for  steel  .  .  .   387 

Cryolite 378 

Crystallization 63,  Ex.  13 

from  fusion 64 

water  of %    Ex.10 

Crystal- water  in  barium  chlor- 
ide   Ex.61 

in  gypsum Ex.59 

Capric  oxide 369,  Ex.  67,  0 

Cuprio  sulphate 3G9 

Cuprio  sulphide 369 

Cuprous  oxide    ....  368,  Ex.  67,  e 
Cyanide  process  of  extracting^ 

gold 375 

Cyanogen 203 

Davy's  safety  lamp 35 

Deacon's  process  for  chlorine  .     82 
Decantation  and  filtration    .  .     64 

Decay  of  w^ood 81 

Decomposition,  heat  of    ....   220 
Decrepitation 54,  Ex.  23 

of  salt 344 

Definite   proportions,    law   of, 

explained  by  atomic  theory,  224 
Deflagration 30 

of  potassium  nitrate  and  sul- 
phur   Ex.55 

Dehydrating  or  drying  agents, 

12,  56,  89, 137, 346 
Deliquescence  .  .  .  .  56, 131,  Ex.  12 
Density,  methods  of  vapor  .  .  .  228 


XIV 


INDEX. 


DevelopingTi  photographic   ...   373 

Dew-point 113 

Diamond 186 

Diatoms 815 

Dichromates  and  chromateg, 

398,  399 
Diffusion,  explanation  of  .   ...    129 

of  hydrogen 17 

Dioxides  and  peroxides  ....   277 
Disodium  hydrogen  phosphate 

and  magnesium  salts,  F^x.  62,  d 

Dissociation  by  heat 325 

in  solution,  ionization  ....  325 
of  ammonium  compounds  .  .  144 
of  arsenic  molecules  .  .  ,  .  .  291 

of  hydriodic  acid 262 

of  hydrobromic  acid 260 

of  iodine 261 

of  nitrogen  tctroxido 160 

of  6team 48 

Distillation,  apparatus  for  ...     46 

defined     45 

Distilling  at  reduced  pressure,  275 

Dolomite 201 

Double  cyanide  of  silver  and 

potassium Ex.68,/ 

Drafts,  combustion  in 34 

Drying  agent 56 

calcium  chloride  .  .  .    12,137,352 

calcium  oxide 56 

potassium  carbonate 346 

sodium  hydroxide 137 

sulphuric  acid 89 

Dnlong  and  Petit*s  rule  ....   235 

Dust,  atmospheric 113 

Dynamite 157 

Earthenware 383 

ICfTervescence 64 

effect  of  pressure  on  .  .  .    Ex.  39 

Efflorescence 55, 131,  Ex.  11 

Electric  conductivity  of  solu- 
tions  326 

Electric  current,  to  extract  met- 
als from  compounds  ....  335 
EU-ctric  furnace.  Figs.  48  and  61, 

207, 379 


Electrolysis 329 

of  hydrochloric  acid.  Fig.  23, 

83,91 

of  sodium  chloride 83 

of  water 19 

preparation  of  aluminum  by,  379 
preparation  of  potassium  by  .   345 
preparation  of  sodium  by  .  .  339 
preparation    of    Eodium    hy- 
droxide by 340 

Electrolytes 19,327 

Electrotype  plates 369 

Element,  analogues  of  an    ...   309 
Elements,  abundance  of  ...  .       7 

defined 5 

heterologous 309 

homologous 305 

importance  of 7 

list  of 6,  Appendix 

molecules  of 227 

number  of  atoms  in  molecule 

of 243 

periodic  table  of 312,313 

prediction  of  unknown    .  .  .  311 
properties  of ,  determined  .  .  309 
Energy      changes     accompany 

chemical  changes 219 

potential,  of  elements   ....  219 
Equation,   equilibrium    or    bal- 
anced   263. 265 

ionic 328 

volumetric  meaning  of  .  .  .  .  246 
Equations  and  molecular  formu- 
las     241 

and     symbols,     quantitative 

meaning  of 70 

symbolic 68 

the  result  of  experiment ...     70 
Equilibrium  equation  of  a  solu- 
tion      327 

in  solutions  of  gases  and  sol- 
ids    131,132 

or  balanced  equation     .  .  263,265 
unstable,  of  compounds  with 
negative  heat  of  formation,  221 

Equivalent 237 

of  magnesium •  Ex.  6 
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£qaivalent  of  zinc  .  .  .    237,  Ex.  64 

i:tchingr  of  grlags 256,821 

Ethane 206 

Ethylene 2i)6 

Eodlometer 40 

ETaporatlon 131,  £x.  4 

Explosion  (^hydrogen,  yclocity 

of 16 

Factor  defined 4 

Factors  and  products    .  .    20,  09,  80 

Family,  argon 314 

calcium 859 

halogen 2'38 

nitrogen 803 

Families,  natural 305 

Feldspar 378 

Fermentation 194 

Ferric  chloride 390 

Ferric  hydroxide     389 

Ferric  oxide 389 

Ferric  sulphate 390 

Ferrous  ammonium  sulphate,  390 

Ferrous  chloride 389 

Ferrous-ferric  oxide 389 

Ferrous  hydroxide 389 

Ferrous  sulphate 390 

Fertilizers 354 

FUtrate 64 

Filtration Ex.  4 

Fire-damp 205 

Fixing^,  photographic 374 

FlHme,  Bunsen,  Fig.  54 217 

candle,  Figs.  51  and  52  .  .  215, 216 
colored  by  barium  .  .  357,  Ex.  60 
colored  by  calcium  .  .  .  .  Ex.58 
colored  by  potassium,  345,  Ex.  55 
colored  by  sodium  .  .  344,  Ex.54 
colored  by  strontium  .   357,  Ex.  60 

defined 35,  214 

hydrogen.  Fig.  7 14 

non-luminous 21G 

oxidizing,  with  blowpipe,  Ex.  6.3,  h 
reducing,  with  blowpipe,  Ex.  63,  b 

Flames Ex.41 

dissection  of.  Fig.  55 218 

luminosity  of 214 


Flames,    oxidizing    and    reduc- 
ing   Ex.  51 

simple  and  complex 217 

structure  of 215 

Flasli,  generating 10 

Fluorine 254,255 

Flnosilicic  acid 817 

Flux 254 

used  in  blast-furnace    ....  3S4 

Fool's  grold 389 

Formula  types  Based  on  valence,  248 

Formulas  and  symbols 68 

and  symbols,  how  to  represent 

multiples  of 71 

graphic,  or  structural   .  .  249, 25 ) 

how  determined 240 

molecular,  and  equations   .  .  241 
Freezings-point  of  water    ....     48 

Fuming  nitric  acid 151 

Furnace,  blast,  Fi^.  62 384 

electric.  Figs.  48  and  61  .  207, 879 
Hall's  aluminum.  Fig.  61'  .  .  87^ 
reverberatory,  Fig.  60  ....  871 

GaUium,  properties  predicted    .  311 

Galvanized  iron 362 

"  Gaps  "  in  the  periodic  aiTange- 

ment 310 

Gas,  amount  used 213 

carbon 210 

carbon  and  coke 190 

collection  of,  over  water, 

10,  Ex.  6 
collection  of,  by  upward  dis- 
placement     ...     11 

collection  of,  by  downward 

displacement 80 

comparison  of  the  two  kinds 

of  illuminating 212 

peimanent 116 

relation  of  pressure  to  volume 

of 121 

relation  of  temperature  to  vol- 
ume of 122 

Gaseous  substances,  molecular 

masses  of    .........  227 

Gases  and  vapors  defined  ....   121 
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Gases,  diffusion  of 129,  130 

solution  of,  in  liquids    ....   131 

Ctonerating^  flask 10 

Generator,  Kipp's,  Fig.  4  .   .  .  .     12 
Germanium,     properties     pre- 
dicted     Sll 

German  silver    . 3GS 

Glass 320 

color  of 320 

cut .321 

etching  of    .  .* 250,  321 

pressed 321 

tubing,  cutting  and  bending,  Ex .  2 

Glauber's  salt 344 

efflorescence  of Ex.  11 

Glucinum 358 

Glycerine 340 

Gold 375 

fineness,  in  carats 377 

properties  and  uses  of  ....  376 

Granite 378 

»•  Granite  ironware  " 320 

Grape-sugrar    and    potassium 

permanganate    .  .  .  Ex.  72,  <f 
Graphic,  or  structural,  formulas, 

249,250 

Graphite 187,P:x.37 

retorts  used  in  distilling  zinc,  371 

Greens,  arsenic 295 

Green  vitriol 390 

Group,  calcium 359 

zinc 3()l 

Gun  cotton 157 

metal 368 

powder 157 

Gypsum 352 

water  of  crystallization  in,  Ex.  59 

Haematite 384 

Hall's  process  for  makings  alu- 
minum     378 

Halogens 254 

Halogen  acids,  comparison  of,  Ex.  45 

family 208 

Halogen-oxygen  compounds  .    263 
Halogen     oxyhydrogen     coin- 
pounds     264,265 


Hardness,  permanent 47 

temporary 47 

Heat,  dissociation  by 325 

of  formation  and  decomposi- 
tion   220,  221 

of  formation  evolved  in  stages,  221 
of    formation,    positive    and 

negative -221 

Heating  liquids  in  beakers,  etc., 

Ex.  4 
with     Bunsen     flame,     best 

method  of Ex.  1 

Helium Ill 

Heterologous  elements  ....  309 
Homologous  elements  ....  305 
Hydraulic  cement    .......   855 

mining  of  gold 875 

Hydriodic  acid  .    261,  Ex.  44,  Ex.  45 
powerful  reducing  agent .  .  .  263 

properties  of 262 

Hydrobromic  acid,  .  .  .  259,  Ex.  45 
Hydrochloric  acid,  commercial 

method  of  preparation  ...     89 
common  method  of  prepara- 
tion      88 

electrolysis  of 91 

existence  of 88 

physical  properties 90 

preparation  and  properties,  Ex.  17 

synthesis  of 91 

volumetric  composition  of  .  .    91 

Hydrocyanic  acid 204 

Hydrofluoric  acid 255 

Hydrogen   and   chlorine,  union 

of 84 

antimonide 299 

arsenide 293 

methods  of  preparation  ...     19 

occlusion  of 16 

peroxide 274,  Ex.  46 

peroxide,  composition  of .  .  276 

peroxide,  test  for 276 

phosphide.  Fig.  08 282 

physical  properties  of  ....    17 
preparation     and    pix>perties 

of 9, 19,  Ex. 

reducing  power  of  ...... 
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Hydrogren  Bilicide 316 

sulpbiile 169,  Ex.  33 

sulphide,  properties  of  ...  .   170 

■  velocity  of  explosion  of  .  .  .     16 

Hydrogen -carbon  compoundM,  205 

Hydrolysis 330,331 

and  mass  action Ex.53 

of    alaminum    carbonate  and 

sulphide 3^2 

of  magnesium  carbonate    .  .  358 

of  soap     341 

Hydrosulphides 172 

Hydrosaiphuric  acid 1C9 

Hydroxides 52 

action  of  metals  upon  ....     52 

Hydroxyl 98 

Bydroxylamine 152 

Byg^rogcopic 56 

"Hypo" 184 

^ypobromites 267 

hypochlorites 265 

Aypochlorous  acid 265 

^yponitroas  acid 163 

^ypophosphorouH  acid  ....   285 

*Jl>othe8is,  Avogadro's  ....   128 

atomic 224 

'^^landspar 201 

^•^ition  temperature 32 

'^l^ininatiiiffffas 208 

comparison  of  the  two  kinds  .  212 
<li8tillation  of  coal.  Fig.  49  .  .  208 
'water  gas  process.  Fig.  50  .  .  210 

'•^^,  sympathetic 301 

^^^ates 268 

'*^<licacid 268 

^^<4ine Ex.44 

^          occurrence  and  preparation  .   260 
^-^  4ine     oxyhydrogen    com- 
pounds      20^ 

^*<line  pentoxide 264 

properties  of 261 

^^^*ilc  equation  .  .  .  *. 328 

^^^:^izatlon 325,  327,  Ex.  52 

*-^=^:^s 327 

not  atoms .330 

^'^n Ex.  70 


Iron  chlorides 389 

commercial 386 

compounds,  comparison  of  the 

two  classes Ex.  70,  e 

galvanized 362 

occurrence  and  metallurgy    .   384 
oxides  and  hydroxides  ....  388 

properties  of- 388 

pyrites 169,  384, 389 

sulphates 390 

sulphides 170,389 

Isonierisml 250 

Kaolin 319,383 

Kindlings  temperature    .    32, 1-Jx.  8 
Krypton 314 

T^ampblaclK 189 

Latent  heat  of  water 48 

Law,  Boyle's  or  Mariotto's  .  121,123 

Charles* 12? 

of  conservation  of  matter  .  .     67 
of  constant    proportions    by 

weight 67 

of  definite  proportions  ex- 
plained by  the  atomic  the- 
ory       224 

of  multiple  proportions  .  .  .   223 
of  multiple  proportions,  ex- 
planation of   225 

of  persistence  of  mass  ....     67 
Laws  of  osmotic  pressure     .  .  .   133 
of  simple  and  multiple  vol- 
umes   215 

Lead  and  its  compounds     .  .    Ex.  74 
occurrence,  preparation,  and 

properties 400 

oxides,  nitrate  and  acetate  .  .  401 
sulphate*  chloride,  and   car- 
bonate    402 

sulphide 402 

uses  of 401 

Le  Blanc  process 89,  341 

Life,  relation  of  carbon  dioxide 

to     19C 

Li^ht,    action    on    silver    com- 
pounds   373,  Ex.  68 
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Ume 350 

•*  air  slaked" 351 

slakinj^ Ex.58 

Ltmestone 300,353 

Liqnefkction  of  ammonia  .  .  .  140 
Liquid  air,  properties  of  ....  117 
Liquids,  diffasion  of    ....  129,130 

Litlilum     338 

Litmus  solution,  effect  of  char* 

coal  on Ex.  37 

Lodestone 3^ 

Luminous  flames Ex.  41 

Luster,  metallic 334 

Magrnalinm 381 

Magrnesite 201 

effect  of  beat  apon,  Ex.  40,  Ex.  62,  e 

Magrnetite 384, 389 

Magrnesium 357 

ammouiam  phosphate  .  «    Ex.47 
and  its  compoands  ....    Ex.  62 

carbonate 358 

chloride 358 

equivalent  of Ex.6 

oxide 357 

sillcidc 317 

sulphate 358 

Mang^nates 3U3 

Mang^anese 392 

comi)Ound8 Ex.  72 

dioxide  and  hydrogen  per- 
oxide   Ex.  46 

dioxide  a  source  of  oxygen  .     27 
dioxide,  action  on  potassium 

chlorate 26 

dioxide,  to  liberate  chlorine, 

Ex.16 
dioxide,  to  prepare  oxygen,  Ex.  7 

oxides 392 

Blang^anltes 395 

Marble 201,352 

result  of  heating Ex.58 

Mariotte's,  or  Boyle's,  law,  121,122 

Marl • 352 

Marsh  g^as 205 

Marsh*s  test  for  antimony    ...  299 
forazsenic Sdi 


Mass,  persistence  of 66 

Mass  action 331, 332 

and  hydrolysis ......    Ex.  53 

Matches 281 

Matter,  law  of  conservation  of  .     67 

physical  states  of 128 

Mercuric  chloride 365 

oxide 364 

oxide,  decomposition  of,  27,  Ex.  3 

sulphide ^  .  .  .  365 

Mercurous  clilorido 361 

oxide 364 

Mercury 363 

and  its  compounds  ....    Ex.  66 

compounds 364 

Metal,  Bose*s 302 

type 297 

Wood's 302 

Metallic  luster 331 

Metalloids 331 

Metals,  alkali 337 

alkali,  distinction  between,  Ex.  57 

alkaline-earth 350 

and  non-metals 334 

extraction  of,  from  ores  .  335, 385 

occurrence  of 334 

propei-ties  of 335, 336 

«' Metaphosphate  bead '*    .  .  .   288 

Methane 205 

Mica 378 

Minerals 334 

Mirrors 373 

Molecular  formulas  and  equa- 
tions  ...      241 

mass,  l>oiIing-point  and  freez- 
ing-point methods    230 

mass,  exact  methods  of  obtain- 
ing    231 

mass  of   oxygen,  32,  reason 

for 244 

mass,  other  methods  of  deter- 
mining   .•  •  •   229 

mass,  oxygen  the  standard  of,  228 
mass,  vapor  density  methoils 

for 228,229 

masses  of  gaseous  substances,  227 
tlieory 127 


INDEX. 


XIX 


Molecules  and  atoms,  distinction 

between 226 

of  elements  and  of  compounds  227 
of  elements,  number  of  atoms 

in 243 

Mordant,  aluminum  compounds,  882 
Mortar,  action  of  acid  on  old,  Ex.  58 

and  cement 355 

Multiple  proportions,  explana- 
tion of  law  of 223,  225 

Multiple  volumes 245 

Multiples  of  symbols  and  for- 
mulas, how  represented  ...     71 

Naming^  a  compound  of  two  elc- 

^    ments 74 

difTerent  compounds  of  same 

two  elements 75-77 

Naphthalene 210 

Nascent,  or  atomic,  state   !^7,  242,  243 

Natural  families 305 

Natural  family  of  elements    .  .  270 

Neon 314 

Neutralization 98,  Ex.  21 

explanation  of 327,328 

Neutralize 96 

Nickel 391 

and  cobalt Ex.  71 

Nitrate,  manufacture  of  potas- 
sium    156 

Nitrate  beds 156 

Nitrates  and  nitric  acid,  uses  of  157 
Nitrates,  formation  of,  in  nature,  155 

Nitre 846 

Nitric  acid 95,149 

action  on  metals 152 

and  nitrates,  uses  of 157 

commercial  preparation  ...   149 
explanation  of  oxidation  by  .   154 

fuming 4 154 

laboratory  preparation  of  .  .  150 

oxidation  by 154 

powerful  oxidizing  agent   .  .  152 
preparation    .......    Ex.26 

preparation    compared    with 

that  of  hydrochloric  acid  .  .   150 
properties  of .  .  151,  Ex.  18,  Ex.  26 


Nitric  acid,  oxidizing  agent, 

Ex.  34,  c;  Ex.  70,  d;  Ex.  75,  # 
reduced  by  nascent  hydrogen,  152 

Nitric  anhydride 'l58 

Nitric  oxide 161,  Ex.  29 

Nitrides      109 

Nitrites 159,  Ex.  27 

Nitrobenzene 157 

Nitrog^en  dioxide  and  tetroxide, 

160,  Ex.  28 

existence  of   . 107 

family 803,304 

from  ammonium  nitrite   .  .  .   108 

of  the  air,  a  mixture 109 

oxides 155 

pentoxide 158 

preparation  and  properties, 

Ex.24 
preparation  of,  from  air.  Figs. 

25  and  26 107 

properties  of 108 

trioxide 109 

Nitrous  acid 158 

anhydride 158 

oxide 162,  Ex.  30 

Nomenclature  of  acids 103 

of  bases 105 

of  salts 104 

Non-luminous  flames    .  216,  Ex.41 

Normal  salts 99 

and  acid  salts    .  .    Ex.  22,  Ex.  23 

Occlusion  of  hydrog^cn    ....     16 
Open  hearth  process  for  steel,  387 

Ores 334 

extraction  of  metals  from  .  .  335 

Osmotic  pressure 132 

laws  of 133 

Oxidation  by  chromates  and  di- 

chromutes 399 

by  nitric  acid    .  .  .  154,  Ex.  75^  e 
by  nitric  acid,  explanation  of,  154 

by  permanganate 894 

and  reduction 80 

Oxides     29 

of  phosphorus  ........  284 

with  acids,  action  of  ....  •    98 
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Oxidizing:  agrent SO 

bromine 258 

chlorine £x.73,  ^ 

chromates  and  dicbromates  .  899 

hydrogen  peroxide 275 

nitric  acid   .....  154,  Ex.75,  e 

ozone . 273 

permanganate 394 

Oxidizing:  flame Ex.  51 

Oxyg^en  acids  of  phosphorus  .  .  285 
chemical  properties  of ,  28,  86,  87 
determination  of  the  propor- 
tion of,  in  air,  Figs.  30  and 

81 117,118 

physical  properties  of  .  «  .  .  27 
preparation  and  properties,  Ex.  7 
preparation  of  .  .  .  .24,25,26,27 
reason  for  choosing  molecular 

mass  of,  32 244 

standard  of  atomic  mass .  .  .  232 
standard  of  molecular  mass  .  228 
weight  of  one  liter ....    Ex.  42 

Ozone 273 

PaHadiam,  occlusion  of  hydro- 
gen by    17 

Paris  g^reen 295 

Parlce's  process  of  desilverizing 

lead 371 

Peat 188 

Perchlorates 267 

Perchloric  acid 267 

Periodic  acid 268 

Periodic  arrang^ement    .  .  .  306 if. 

conclusion 312 

gaps  in 310 

regularities  in 308 

Periodic  law 808 

Permanent  gases  .   .......   116 

Permang^anate,  oxidation  by    ..  894 
Peroxides  and  dioxides  ....  277 

Peroxide  of  liydrog^en  .   .  .    Ex.  46 

Phenol 210 

Phenomena,  chemical  and  phys- 
ical       8 

Plio8phates,ncccssary  for  plants,  354 
uses  of •  •  •  289 


Phosphide  of   hydroigen.  Fig. 

58 282 

Phosphides 284 

Phosphine,  Fig.  58 282 

Phosphoninm  salts   ......   283 

Phosphorescence 168 

Phosphoric  acids 286 

preparation  of 287 

salts  of 288 

Phosphorous  acid 286 

Phosphorus 279 

and  phosphoric  acid  .  .  .    Ex.47 

molecular  mass  of 281 

oxides 284 

properties  of 279 

red 288 

Photogrraphy 373 

Physical  phenomena 3 

Physics,  relation  between  Chem- 
istry and 2 

Pig-iron 38(» 

Placer-mining  of  gold 375 

Plaster  of  Paris 35S 

making  casts  with  ....    Ex.  58 
Platinum,  occlusion  of  hydrogen 

by 16. 17 

occurrence  and  preparation  .   404 

properties  and  uses   .....  405 

Pluuibites  and  plumbates     .  .   402 

Pneumatic  trough 10 

Polysilicic  acids 319 

Porcelain-lined  ware 320 

Porcelain,  stoneware,  etc.  •   .  .  383 
Portland  cement ........   355 

Potash 346,847 

Potassium 345 

bromide 347 

carbonate    ........  201,346 

chlorate 346 

chloride,  solubility  of  .  •    Kx.  56 

compounds •   Ex.  55 

ferricyanide 391 

ferrocyanide     890 

hydrogen  tartrate  .  Ex.  55,  Ex.  67 

hydroxide 97, 345 

hydroxide,  deliquescence  of, 

Ex.12 
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Potassiam  Iodide 847 

nitrate 346 

nitrate,  manufacture  of, 

156,  Ex.  55 

permanganate 393 

silicate 319 

Powders,  baking 105 

Precipitant 63 

Precipitate C3 

Precipitation £x.  14 

and  crystallization 03 

Prediction    of    unlcnown    ele- 
ments     311 

Pressure  and   tc^mperature,  re- 
duction to  standard    ....  124 

osmotic 132 

relation  of ,  to  volume  of  a  gas,  121 

Products  and  factors 69 

calculation  of    quantities  of 

factors  and 20 

Properties,  chemical  and  physi- 
cal        4 

effect  of  structure  on     ....  277 

of  acids Ex.  18 

of  bases Ex.  19 

of  elements  determined    .  .  .  309 

of  salts Ex.  20 

Proportions,  combining    ....     73 

constant 67,  Ex.  15 

law  of  multiple 223,  225 

use  of  combining 73 

Prussian  blue    ....  391,  Ex.  70,  d 

Pyrites 174,  389 

Pyrolpsite 27,  392 

Quantitative  meaning:  of  sym- 
bols and  equations  .  ...     70 
guickllme 350 

Radical,  acid 98 

metallic 143 

Reaction  defined 4, 66 

Reactions,  class! ficalion  of  .  .  .     66 

Reagrent  defined 4 

Red  phosphorus 280 

precipitate 364,  Ex.  3 

Reducing  agent,  hydriodic  acid,  263 
hydrogen  peroxide  ......   276 


Reducing  agent,  nascent  hydro- 
gen   152 

Reducing  flame     .  .    Ex.  51,  Ex.  63 

Reduction 30 

by  carbon Ex.  40 

by  hydrogen 42 

of  potassium  nitrate  by  lead, 

Ex.  27 
Refrigerating  agent,  ammonia 

as  a     140 

Relation  of  volume  of  a  gas  to 

pressure •  •  .  •   121 

Reverberatory  fumaoe  ....  371 
Reversible  reaction  .  .263,265,327 
Rose's  metal 302 

Safety  lamp 35 

matches 281 

Salt 343 

acid 100 

defined 99 

«•  Epsom '» 358 

normal 99 

Saltpeter    .  .v^«.^ 346 

Salts,  basic 101 

nomenclature  of 104 

normal  and  acid  .     £x.  22,  Ex.  23 

properties  of Ex.20 

Saponify 340 

Saturated  solution 62 

Scandium,  properties  predicted,  311 

Scheele*s  green 295 

Schweinfurt*s  green 295 

Sea-water 45 

Semipermeable  cell 133 

Shells 201 

Siderite,  or  spathic  iron  ore    .  .  384 

Silicates 319 

Silicic  acid 318 

anhydride 318 

Silicon  carbide ,  .  .  318 

compounds 316 

dioxide 318 

hydride     316 

occurrence  and  preparation  .  315 

tetrachloride 317 

tetrafluoride 317 
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Silver 370 

and  its  compounds    ....  Ex.  68 

bromide 373 

cliloride 373 

"coin  "and  "sterling"'  ...  372 

compounds 373 

extraction  of 370 

iodide 373 

nitrate 373 

-plating 372 

properties  and  uses 372 

Simple  volumes^  law  of   ...  .   245 

Slag: 254 

Slaking  of  lime 351,  Ex.  58 

Smelting  of  silver 370 

Soap 340 

hydrolyzed  in  solution  ....  341 

Soda-ash 342 

Soda,  crystallized 

Sodiam 338^ 

action  upon  water  ...  49,  Kx.  9 

amalgam 92,339 

and  water,  quantitative  study 
of  the  reaction    .......   52 

arscnite 294,  Ex.  48 

bicarbonate  .  .  343,  Ex.  3D,  Ex.  54 

carbonate 201,341,  Ex.11 

chloride 343 

compounds Ex.  54 

dichromate 399 

hydroxide 9G,  340 

nitrate 156,344 

oxides 339 

phosphate    . 343 

preparation  and  properties, 

49,  389,  Ex.  9 

sulphate 344,  Ex.  11 

sulpliite Ex.34 

zincatc  . Ex.  63,  d,  e 

"Softening"  water  with  soda,  353 

Solids,  dilTusion  of 129 

solution  in  liquids 131 

Solubility  ....       60 

of  potassium  chloride  .  .    Ex.66 
Soluble  and  insoluble  substan- 
ces        61 

Solution Ex.  4 


Solution,  boiling  point  of .  ...     .10 

characwcrof 58 

composition  of  a 327 

effect  of  temperature  on,  60,  Ex.  13 
equilibrium  equation  of  .  .  .  327 
freezing-point  of  ......  .     59 

of  gases  in  liquids 131 

of  solids  in  liquids 131 

of  starch Ex.44 

saturated 62 

supersaturated     .../...     62 
temperature  changes  during .     59 
Solutions,  electric  conductivity 

of •.  y 326 

Solvay,  or  ammonia,  tfi'occss  .  .  341 

Solvent / 58 

Specific  heat  deflne|l 235 

of  water  .  T*"i-< 47 

table Appendix 

Spelter 301 

Stalactites,  formation  of.  Fig.  46,  200 
Standard      temperature     and 

pressure,  reduction  to  .   .  .   124 

Stannic  acid 404 

and  stannous  compounds, 

404,  Ex.  75 

Starch  solution Ex.  44 

States  of  matter,  physical  .   .  .   128 
Steam  and  its  dissociation    ...     48 
volumetric  composition  of  .  .     41 
Steel,  properties  and  manufac- 
ture of  3S6,  887 

Sterling  silver 372 

Siibine 299 

Stoneware,  porcelain,  etc.  .  •  383 
Strontium  and  barium,  356,  Ex.  60 
Structural,  or  graphic,  formalas, 

249,250 
Structure,  effect  of,  on  properties,  277 

Sublimation 144 

Substance,  compound   and  ele- 

mentary 5 

Sulphantimonites  .......   800 

Sulpharsenious  acid 296 

Sulphates      179,  Ex.  86 

Sulphides,  formation  of    ....  171 
precipitation  of 172 
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Sulphites 183 

Sulphogtannates 404 

Sulphur,  chemical  properties  of, 

167,  Ex.  32 

compounds  of 1(39 

dioxide     181,  Ex.  84 

dioxide,  properties  of  ....  182 
occurrence  and  preparation  .  165 
physical  properties  of, 

165, 166,  Ex.  81 

trioxldo 180 

uses  of 168 

water 44 

Sulphuric  acid 95 

and  sulphates,  test  for  ....   180 

dUuting 88,  89,  Ex.  17 

hydrates  of 177 

manufacture  of 174 

properties  of .    177,  Ex.  18,  Ex.  36 

purification  of 176 

•         reduction  of 177 

uses  of 179 

Sulphuric  anhydride    .....   180 

Sulphurous  acid 183 

Sulphurous  anhydride    ....   183 
Supersaturated  solutions  ...     62 

Suspension Ex.  4 

Symbol  defined 5 

Symbolic  equations    ......     68 

Symbols,  advantages  of  use  of  .     69 
and    equations,    quantitative 

meaning  of 70 

and  formulas 68 

and  formulas,  how  to  repre- 
sent  multiples  of  .....  .     71 

Sympathetic  inlc 391 

System,  periodic 306^. 

Table  of  atomic  masses  .    Appendix 
of  specific  heats  .  .  .    Appendix 

the  periodic 312,313 

of  metric  equivalents,  etc., 

Appendix 
of  vapor  tension  of  water, 

Appendix 

Tartar  emetic 300,  Ex.  49 

Tartaric  acid 96 


Temperature  and  pressnre,  re- 
duction to  standard    .  4  .  .  124 
critical  ............  116 

effect  of,  upon  solution,  00,  Ex.  13 

kindling 82 

of  ignition .     32 

relation  of  volume  of  a  gas  to,  122 
Tempering^  and  annealing  steel,  386 
*'  Test  **  reactions  are  ionic  .  .  .  328 

Theory,  atomic 224 

ionization 326 

molecular 127 

Thiosulphates 184 

Tin  and  its  compounds    .   403,  Ex.  75 
occurrence  and   preparation 

of        402 

properties  and  uses 403 

Tincture Ex.  44 

Toluene 210 

Toning:,  photographic ......  374 

Transition  elements  ....  2&Si,  299 

Transpiration 18 

Trough,  pneumatic 10 

Tube,  safety,  or  thistle 10 

Tubing,   cutting    and     bending 

glass Ex.  2 

Tumbull's  blue    ......  Ex.  70 

Type,  reversion  to .  807 

Type-metal 297 

UltramarinB .383 

Valence 247 

different  formula  types  based 

on 248 

of  members  of  argon  family,  314 
Taper  density  methods  .  .  228, 229 
Tapors  and  gases  defined    ...    121 

Tein-mining  of  gold 375 

Victor  Meyer's  method  for  va- 
por density     229 

Volume  of  a  gas,  relation  of  pres 

sure  to 121 

of  a  gas,  relation  of  tempera- 
ture to   122 

Volumes,  laws  of   simple  and 

multiple 249 
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Kthyl  bcnzonte Ex.  82 

ether     416,  Ex.  79 

hydrogen  sulphate 417 

sulphate  . 413 

Ethylene 408,409,  Ex.  77 

Fats  and  oils 423 

Fehling's  solution  .  .  .   427,  Ex.  84 

Fermentation 414,  Ex.78 

Forinaldeliyde 417,  Kx.  80 

"Formalin** 418 

Fructose 425,426 

"Fusel  oil" 414 

Galactose 425 

Gasoline 412 

Gelatine £x.  76 

Glucose 425,426 

Glucosides 427 

Glycerine 414,  415,  423 

Grape  sug^ar 426 

Hexane 408 

Homologpous  series  .  .407,412,421 
Hydrocarbons  .  .  .407,421,  Ex.  77 
Hydroquinone «  .  374,430 

Indigo 428 

Inl£ 428 

Iodoform  . 419 

Lactose 425 

Levuiose 427 

Ligroin 412 

Liquors 415 

Magnesium  ozi<1e,  quantitative 

compositioD  of Ex.  86 

Maltose 425 

Methane 407,  Ex.  77 

Methyl  chlorhlo 418 

ether 250,416 

nitrate 413 

Mills  sugar 425 

Morphine 424 

Nai>hthalene 410 

Natural  gas 412 

Nicotine 425 

Nitrobenzene 410,  424 


<*Oilof  wintergreen" 430 

Oils  and  Fats 423 

Olein 423 

Opium 424 

Organic  compounds  ......  406 

Palmitin 423 

Paper 429 

Paraffin 407,  412 

Pentane 408 

Petroleum    ...'..'. 411 

Phenol 430 

Polymetfaylene  series 40S 

Propane 208,  408 

Pyrogallol 430 

Qualitative    Analysis,    princi- 
ples of Ex.  85 

Quinine 424 

Rhigolene 412 

Bosin 4J1 

**  Saturated  "  compounds  .  .  .   400 

Soap 423,  Ev.  83 

Sodium  ethylate 412 

Starch 406,  42^  Kx.  76 

Stearin 423 

Strychnine 425 

Sugar 406,  4i5.  Ex.76 

Tannins 427 

Tetrachlormcthaiie 419 

Theine 425 

Thiopliene 410 

Toluene 410 

Turpentine 411 

''Unsaturated  "  compounds   .    409 
Urea 400,  Ex.  76 

Vaseline 412 

Verdigris 420 

Vinegar 420 

•*  Wood  spirit" 412 

Xylene 410 

Zymase 414 


